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ABSTRACT 
The purpose of this thesis is to evaluate the influence of the length effect of 
Structural timber. With that aim two samples with different length have been 
tested. Each sample has one hundred beams with the properties of both 
samples as close as possible. 
Engineering design methods for timber assume homogeneous material all 
along the beam, but in reality the strength is highly variable along a timber 
board. That fact implies that the real strength depends on length, load 
configuration, knots, MC and other factors . 
The failure of the beam occurs when the weakest seetian of the beam fails. 
The probability that a weak seetian is located within the beam increases with 
increasing length. 
First was found the weakest seetian for each board to be tested for bending 
strength. The grading system that was used is visual registration of knots. 
The Modulus of Elasticity, MOE, of each beam was found with a non-
destructive test, then each beam was reloaded until failure. Two hundred 
boards of Norway Spruce, grown in Southern Sweden, were tested according 
to the European standard, EN 338 standard. 
The bending strength for two different lengths, 4 m and 2 m, were tested to 
see the influence of the length in bending strength. Both lengths were loaded 
with the same moment configuration of two-point load, but with different 
speed for the load applied. 
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Introduction 
1. INTRODUCTION 
1.1. Background 
Wood is often used as building material in residential and commercial 
buildings, especially in northern countries. Wood, steel and concrete are the 
most common materials in the world of construction. Timber acts weil 
compositely with both steel and concrete. Wood has been used in 
construction for centuries and is becoming increasingly popular in the 
construction industry. 
Timber has many advantages over other building materials as follows: 
• 
• 
• 
• 
• 
lt is a lightweight material with a high strength to weight ratio . 
Wood has very few limitations in shapes and sizes. 
Good reliability during earthquakes . 
Excellent strength, stiffness and ductility characteristics . 
Timber structures can be built in a shorter time scale than other materials 
Timber is relatively inexpensive, low cost. 
Timber structures also have some disadvantages, for example their acoustic 
properties and their sensitivity to humidity. To eliminate humidity problems 
the structure can be started by the roof, with the intention to proteet the rest 
of the structure from the ra in or the snow. 
Engineering design methods for timber assume homogeneous material all 
along the beam, but in reality the strength is variable along a timber beam 
implying that the real strength depends on length and load configuration. 
In a wood there are defects such as knots, saw cuts, or cell damage eaused 
by severe mishandling. Knots are by far, the single most important defect 
affecting mechanical properties. For this reason was studied the influence of 
knots in the strength of timber. Understanding the influence of knots can help 
to i nerease the safety of wooden structures and can also help to improve the 
design to get a low probability of failure (a low probability of getting action 
values higherthan the resistance ones). 
Norway Spruce was ehosen to be tested because it is a common specie of 
wood in Sweden. 
l 
Introduction 
1.2. Scope 
The main objective of our Diploma Work is to study the behaviour and 
influence of knots on the strength of timber beams and to find the length 
effect on bending strength. 
Wood has many advantages in regard to its structural behaviour but as 
previously discussed also some disadvantages. Wood, in contrast to e.g. 
metals is heterogeneous and anisotropic, it exhibits different physical 
properties in different directions, i.e. , axial, radial, and tangential directions. lt 
is weil known that growth conditions strongly affect the mechanical properties 
(Dinwoodie, 1981 ). The knots are undoubtedly the most common and 
influential defect. 
1.3. Disposition of the Report 
In chapter 2. a review of wood properties and behaviour is given. Special 
attention is given to knots, density, moisture content and slope of grain. 
In seetians 2.2. and 2.3. a description of wood as a building material and a 
description of length and load configuration effect are given. 
In chapter 3. experimental work is presented . 
In seetian 3.1 . the material used in this investigation is presented (Norway 
Spruce, picea abies). 
In seetian 3.2. a description of how the tests were performed is given. 
In seetian 3.3. testing equipment and other instruments used during the 
experimental work are described. 
In chapter 4. a thorough discussion and evaluation of the test results are 
given. lt is divided in several seetians where the results of the experimental 
work are evaluated. 
In chapter 5. some concluding remarks are presented. 
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2. THEORV 
2.1. Summary of wood properties. 
The design of a ny kind of structures requires the evaluation of the actions that 
may act du ring the Iife of the structure. For permanent loads, wood and wood 
based materials are assigned strength values that are 60% or less of their 
short-term strength (Biass, 1995). Wood is highly anisotropic due mainly to 
the elongated shapes of wood cells and the oriented structure of the cell wall s. 
In addition, anisotropy results from the differentiation of cell sizes throughout a 
growth season and in part from a preterred direction of certain cell types. 
Three structural levels can be identified which all have a profound influence 
on the properties of wood as an engineering material: 
• 
• 
The minute structure of cell walls 
The aggregation of cells to form clear wood 
The anornalies of structural timber 
The macrostructure with defects such as knots, grain deviation etc. provides 
the explanation of why tensile strength along the grain may drop from more 
than 100 N/mm2 for c Iear wood to less t han 1 O N/mm2 for structural timber of 
low quality. Wood is divided inta two categories known commercially as 
hardwoods and softwoods, they differ in cell type. The basic skeletal 
substance of the wood cell wall is cellulose, which is aggregated inta larger 
u nits of structure called elementary fibrils. 
Wood is a natural, arganie cellular solid. lt is a composite made out of a 
chemical camplex of cellulose, hemicellulose, lignin and extractives. 
Softwood shows a relatively simple structure as it consists of 90 to 95% 
tracheids, which are Iong (2 to 5 mm) and s lender (1 O to 50 !lm) cells with 
flattened or tapered, ciased ends. 
Hardwood anatomy is mo re varied and complicated than the on e of softwood. 
Hardwoods have a basic tissue for strength containing libriform fibres and 
fibre tracheids. Hardwood fibres have thicker cell walls and smaller Iurnina 
than those of the softwood tracheids. The differences in wall thickness and 
lumen diameters between earlywood and latewood are not as extreme as in 
softwoods. 
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For most softwoods and ring-porous hardwoods there is a relationship 
between the width of growth rings and density. Softwoods tend to produce 
high-density latewood bands of a relatively eonstant thickness. Most of the 
variation in growth ring width is eaused by a variation in the thickness of the 
low-density early wood bands. For most softwoods density decreases with 
increasing growth ring width. This explains why ring width is included as a 
grading parameter in many visual-grading rules currently used in Europe. The 
density level for a given ring width is dependent on soil type, elimate 
conditions, silvicultural practice etc. (Timber Engineering, STEP 1, A4). 
Knots 
A knot is a branch that is embedded in the main stem of a tree and it is 
undoubtedly the most common and influential defect. Softwood branches 
occur at more or less regular intervals along the trunk, which produce knot 
clusters. The lateral branch is connected to the pith of the main stem and 
there are successive growth rings or layer forms continuously over the stem 
and branches. In the next picture (Figure 2.1.1 .) it can be observed how the 
lateral branch is connected to the pith : 
Figure 2.1.1. Knot section. 
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Knots affect strength in two ways: First the slope of grain around a knot 
eauses a marked reduction in strength in the vicinity of the knot (see grain 
angle). In next pictures (Figure 2.1.2 .) it is possible to see the slope of grain 
produced by two knots. 
Figure 2.1.2. Slope of grain around a knot (2) 
Note that the slope of grain around these knots is severe. 
Second, if a knot is encased, or loose, results in a reduction of the cross 
section, particularily if the wood is stressed in tension. 
For these two reasons, edge knots are assumed to reduce the useful cross 
seetian of a beam in which they occur by an amount equal to the knot 
diameter. In effect, the presence of knots impacts strength as much as do 
actual hales in the wood (2). 
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B 
the assurned loss 
of cross secti on 
Figure 2.1.3. Loss of cross seetian due to knots (2) 
The effect of knots or ho les upon strength is dependent upon location of these 
defects. A knot located near the neutral axis of a member affects strength on ly 
slightly; however, a similar knot located at the tension face of a member is 
Iikeiy to significantly affect strength. The following table shows how strength is 
affected by various knot sizes: 
Effect of Knots or Ho les on Strength of Bending Members 
(Bending Strength as a Percent of Knot Free Wood) l 
Knot Knot or Holeon Tension Edge or Wide Face Knot or Holeon Neutral Axis ' 
Diameter Nominal2 x 10 Nominal2 x 6 Nominal2 x 10 Nominal2 x 6 (inches) 
o 100 100 100 
112 91 85 95 
l 82 70 90 
2 65 45 80 
3 50 21 70 
Table 1. Effect of knots or holes on strength of bending members (2) 
The preceding table shows why holes in structural members, such as floor 
joists, should be made as small as possible. 
6 
100 
92 
84 
67 
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Another reasons why the useful cross seetian of a beam can be reduced are 
hales. In the next pictures it is possible to see an example of the reduction on 
bending strength produced by two different kinds of hales. The reduction of 
bending strength is given in percentage. 
The hale drilled near the centre of this 2 x 1 O has reduced its bending strength 
only about 6 percent 
Figure 2.1.4. Ho/e drilled near the centre (2) 
... whereas this hale, that was drilled much larger than needed, has reduced 
the bending strength of this jo ist by almost 20%. 
Figure 2.1.5. Ho/e drilled fargerthan needed (2) 
Those results show the importance of the cross sectional properties in 
bending strength . 
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Den s ity 
Density is the most important physical characteristic of timber. Most 
mechanical properties of timber are positively correlated to density, as is the 
load carrying capacity of joints. lt is important to know that density is moisture 
dependent. lt is possible to have dry density at zero moisture content (po) or 
the most frequently moisture content used (p12. 12 per cent). Also it is 
possible to have the fibre saturation point. lt occurs when there is saturation 
moisture content of the cell wall. 
Here are shown some density values: 
The most common dry density values : from 300 to 550 kg/m3 
Den s ity of the cell wall Pc = 1500 kg/m3 
Characteristic density values for softwood: 812,k= 290 to 420 kg/m3 
In the determination of density the mass (m) and volume (V) must be 
determined at the same moisture content 
m p = -
v 
Generally, these two parameters are determined at zero moisture content but, 
as density is frequently quoted at moisture contents of 12% since this level is 
frequently experienced in timber in use, the value of density at zero moisture 
content is corrected for 12% if volumetric expansion figures are known , or else 
the density determination is carried out on timber at 12% moisture content 
Next equations are used to correct the values. The subscript x is the 12%. 
m, = m0 (l+ O.Ol,u) 
mx : is the mass of timber at moisture content x 
m0 : is the mass of timber at zero moisture content 
Il: moisture content (%) 
V, = V0 (1 + O.OlSJ 
Sv: volumetric shrinkage/expansion (%) 
l+ O.Ol,u 
Px = Po l+ O.OlS, 
rule : the density of timber increases by approximately 0.5% for each 1% 
increase in moisture content up to 30 %. 
(Dinwoodie, 1981) 
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Moisture content 
Maisture content is the ratio of mass of removable water to the dry mass of 
the wood. 
In wood there is free water that is not associated at the rnaleeular level, and 
the water held within the cell wall is termed bound water. Fibre saturation 
point (FSP) is the moisture content Wt when the cell wall is saturated with 
moisture. The range is 25 to 35%. Above the FSP most properties are 
approximately eonstant The level of moisture content and even the 
magnitude and speed of moisture fluctuations have a prataund influence on 
almost all engineering properties of wood. Timber strength and stiffness 
properties change with changing moisture content Especially creep 
deformations are increased by varying moisture content 
An increase in moisture produces lower strength and elasticity values. Water 
when penetrating the cell wall weakens the hydrogen bands responsible for 
holding tagether the cell wall. The change of moisture content results in a 
significant shortening of the lifetime for all kind of woods. 
Expressian to find the moisture content 
f.!: is the moisture content 
W m: weight of wet timber 
W0: weight of timber after aven drying at 1 05°C 
The longitudinal elastic modulus is less sensitive to moisture content than 
either the radial or tangential elastic modulus. In Dinwoodies' book Barkas 
(1945) has pointed out that when timber is stressed in compression at 
eonstant relative humidity it will give up water to the atmosphere, and 
conversely under tensile stressing it will absorb moisture. The equilibrium 
stress, therefore, will be the sum of that produced elastically and that eaused 
by moisture loss or gain. lt is therefore necessary to distinguish between the 
elastic eonstants (MOE) at eonstant humidity (Eh) and those measured at 
eonstant moisture content (Em). 
(Dinwoodie, 1981). 
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Figure 2.1.6. Effect of moisture content on the modu/e of e/asticity and 
rigidity in Sitka spruce. Both modules were determined 
dynamica/ly (Dinwoodie, 1981) 
Shrinkage and swelling 
During swelling the volume of the cell lumens stays eonstant This implies 
that the volumetric swelling of timber equals the volume of the adsorbed 
water. When moisture is removed from the cell wall, timber shrinks. Changes 
in dimensions tend to be linear with moisture in the range of 5 to 20% 
moisture content In order to minimise the problems of dimensional 
movements timber should preferably be used at a moisture content 
corresponding to the relative humidity of its environment 
Duration of load 
Timber experiences a significant loss of strength over a period of time. The 
strength values in design of timber members for long-term permanent loads 
are approximately only 60% of the strength values found in a short-term 
laboratory test. 
EC5 defines modification factors, kmad . for the moisture content and for 
duration of load. 
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Strength grading 
In strength grading the most important strength determining factors are rate 
of growth, indicated by the annual ring width, and the strength reducing 
factors such as knots, slope of grain, fissures, reaction wood, tungal and 
insect damage and mechanical damage. 
Grain angle 
Grain angle in wood refers to the angle between fibre direction and the board 
edge (longitudinal direction of the beam). 
Spiral grain has important technical repercussions: the strength is lower and 
the degree of twist on drying increases as the degree of spirality of the grain 
increases. Although there are exceptions, spiralling in softwoods often begin 
at a left angle, and then straighten out with time and growth and eventually 
slope more and more to the right as the tree matures. 
With regard to Norway Spruce, no consistent radial trend in grain angle is 
found (Danborg, 1990; Perstorper, 1995a). lt seems that the left helix spirality 
is often present just in juvenile wood, therefore, fast grown timber having 
more content of juvenile wood than slow grown timber with same dimensions 
tends to have higher twist. (Artigas, 2000). 
As a general rule the greater the specific gravity or density of a wood, the 
greaterthe strength. 
Shown in Figure 2.1 .7. are a number of properties of wood, plotted in relation 
to specific gravity. 
1 0~--------------~------~ 
(J) 
a. 
o 
o 
8 
~ 6 
-
0.30 0 .40 0.50 0.60 
Specific Gravity 
Figure 2.1. 7. Properties of wood in relation to specific gravity (2) 
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Note that strength values rise significantly with a doubling of wood specific 
gravity, see Table 2. 
Change in Strength When 
Specific Gravity is Doubled 
Property Ch ange 
Compression parallel to grain x 2 
Bending strength x 2.5 
Cotnpression perpendicular to 
x 4 
gram 
Table 2. Change in strength when specific gravity is doubled (2) 
Specific Gravity: 
Pt : d ensity of timber 
Pw: density of water at 4°C 
The relationship between density and specific gravity can be expressed as : 
p= G(l + O.Ol,u)p"' 
p : density at moisture 
(Dinwoodie, 1981) 
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Slope of grain 
When the grain direction in a wood member is parallel to the two edges of the 
piece the wood is said to have straight grain . However, if the grain direction in 
a piece is not precisely parallel to the board edges (longitudinal direction of 
the beam), strength will be lower. (see grain angle) . 
Figure 2.1 .8. shows this 2 x 1 O split a Iong the grain direction revealing a slope 
of grain of about 1 in 20. 
Figure 2.1.8. How the slope of grain can be found 
An indication of the degree to which slope of grain affects strength is provided 
by the table to below. Even a slope of grain of 1 in 20 results in a 7 percent 
loss of strength. A slope of grain of 1 in 1 (a 45° angle) results in a 91 percent 
loss of strength as campared to straight grain. (2) 
Slope of Grain 
o 
l in 20 
l in 10 
l in 5 
% of Retained Strength 
100% 
93% 
81 % 
55% 
Table 3. Degree to which slope of grain affects strength (2) 
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Behaviour of Wood 
When wood works in bending it is important to know that it is both plastic (it 
can be deformed permanently, without breaking, like a piece of soft wax) and 
elastic (it can be stretched slightly and when the force is removed it will return 
to its original shape). A graphic way to illustrate these characteristics is with a 
stress-strain diagram (Figure 2.1.9.) . 
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Figure 2.1.9. Stress-strain diagrams il/ustrate the behaviourofwood (1) 
Below the proportional limit, wood behaves elastically. Above the proportional 
limit, wood behaves plastically. An increase in force results in a permanent 
deformation even when the force is removed (Figure 2.1.9.). Of course, too 
much force results in failure. (There is also a time effect called "creep" that is 
overlaoked in this Thesis). (3) 
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Anatomy of a Bend 
Consider a flat piece of wood 1 O in ch Iong and 1 in ch thick. As this piece is 
being bend, the outside of the are will be longer than the inside (Figure 
2.1.1 0.). A flat piece of wood when bent can normally absorb a difference 
between outside and inside radius of 2 to 3% (without using end pressure or 
steaming) before breaking . This means a 1-inch-thick piece, 20-inch-long, 
could be bent on a 24.7 in ch radius. The rule of thumb is that the rad i u s 
cannot be lessthan 20 to 30 timesthe wood's thickness without steaming and 
end pressure. (1) 
R 
Figure 2.1.1 O. Forces that develop in bending without end pressure (l) 
When wood is steamed, it becomes more plastic in compression and is, 
therefore, able to accept more deformation without failure. However, Wood 
does not become much more plastic in tension; the steam only increases 
plasticity in compression . Returning to the bend in the Figure it must be 
understood that the outside radius, which is in tension, is the limiting factor in 
any bend, even after steaming-although after steaming. The severity of the 
bends may, in certain cases, be increased without failure. 
So the key to severe bends is to control or reduce the tension in the outer 
radius. The most effective method is to push on the ends, generating a 
compression force t hat w iii offset the tension force from the b end. ( 1) 
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Modulus of elasticity 
Two different ways of determining the modulus of elasticity: 
static methods (Es) ~ based on the application of direct stress and the 
measurement of resultant strains. 
Dynamic methods (Eo) ~ based on resonant vibration from flexural, 
torsional or ultrasonic pulse excitation. 
The static mod u lus of elasticity is then given by: 
three-point bending test~ 
• four-point bending~ 
PL3 E=--
" 4815 
P: is the load applied to the centre of the 
span. 
L: distance between supports 
l : moment of inertia of the cross seetian 
about the neutral axis. 
8 : detleetian at the centre of the span 
PL3 E=-
·' 315 
L : the length of cantilever 
The dynamic mod u lus of elasticity isthen given by: 
E - (4trL3 )(M +~M) 
" - 31T 2 ' 140 
L: is the free length of the strip 
T: is the time of period 
M( the mass of the free length of timber 
l : moment of inertia ( for a rectangular strip~ l=(bd3)/12 ) 
(Dinwoodie, 1981) 
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Factors influencing the elastic modulus 
The stiffness of timber is influenced by ma ny factors, some of them properties 
of the material while others are components of the environment . 
• Grain angle 
• Density 
• Knots 
• Ultrastructure 
• Maisture content 
• Temperature 
Creep 
When the load on timber is held eonstant for a period of time the increase in 
deformation over the initial instantaneous elastic deformation is called creep. 
The deformation of timber under load is affected by temperature and is 
particularly sensitive to changes in relative humidity; consequently creep tests 
must be performed in a controlied environment. 
Creep in timber under tensile leading has been measured occasionally, much 
more attention has been given to creep in bending. 
lt was shown that the degree of elasticity varied considerably between the 
harizontal and longitudinal planes. 
In both compression and bending the divergence from linearity is usually 
greater than in case of tensile stressing ; much of the increased deformation 
eecurs in the nonrecoverable component of creep and is associated with 
progressive structural changes including the development of incipient failure . 
(Dinwoodie, 1981) 
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Strength and failure in timber 
Factors affecting strength 
Anisotropy and grain angle: 
The highest strength of timber is in tension a Iong the grain while 
the lowest is in tension perpendicular to grain. 
The compression strength are markedly affected by moisture 
content, tensile strength appears to be relatively insensitive. 
Anisotropy in strength is due in part to the cellular nature of 
timber and in part to the structure and orientation of the 
microfibrils in the wall layers. Bonding along the direction of the 
microfibrils is covalent whilst bonding between microfibrils is by 
hydrogen bands. Consequently, since the majority of the 
microfibrils are aligned at only a small angle to the longitudinal 
axis, it will be easier to rupture the cell wall if the load is applied 
perpendicular than if applied parallel to the fibre axis. 
15" 
Anglo ~tw~n r.peo::lm~ a<iS ard prijin dJ'&t(t<.~t> 
Figure 2.1.11. Effect of grain angle on the tensi/e, bending and 
compression strength of firnber (Dinwoodie, 1981) 
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Static Bending 
In the bending mode timber is subjected to compression stresses on the 
upper part of the beam and tensile on the lower part. 
The first stages of failure in bending will frequently be associated with 
compression failure and as both the bending stress and consequently the 
degree of compression failure increase (assuming uniform cross-section) 
thereby allowing the increased compression load to be carried over a greater 
cross-section. Fracture eecurs when the stress on the tensile surface reaches 
the ultimate strength in bending. 
Toughness 
Toughness is generally defined as the resistance of a material to the 
propagation of cracks. 
In the camparisen of materials it is usual to express toughness in terms of 
work of fracture, which is a measure of the energy necessary to propagate a 
crack thereby producing new surfaces. 
Now the energy required to break all the chemical bands in a plane cross 
seetio n is of the order of 1-2 J/m2 ; that is, four orders of magnitud e lower than 
the experimental values. 
Prior to fracture it would appear that the cells separate in the fracture area; on 
further stressing these individual and unrestrained cells buckle inwards 
generally assuming a triangular shape. In this form they are capable of 
extending up to 20% before final rupture thereby absorbing a large quantity of 
energy.(Dinwoodie, 1981 ). 
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Fracture mechanics and its application to timber 
clrcc=EGc 
cr : the stress applied 
E : Young's modulus 
Ge : critical strain energy = 2*y 
y : energy required to form new fracture surfaces 
2c : crack length 
Theor 
A further practical application of fracture mechanics is the evaluation of the 
effect of knots on the tensile strength of timber along the grain. earrelation 
coefficients of between 0.87 and 0.96 were obtained between the actual test 
values and calculated values for timber containing isolated knots: the choice 
of a crack length equal to 3/4 of the knot diameter for a centrally placed knot, 
or 7/8 for and edge knot gave estimates of the stress at fracture which were 
on ave ra ge with in 1% and 3% respectively of the average test va lues. 
(Dinwoodie, 1981) 
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2.2 Wood as a building material. 
Beams, in general, are harizontal structural elements, which span at least two 
supports and transmit loads principally by bending action . The bending 
moments on the beam are due to loads that act in the plane of bending of the 
beam. The standard design procedure for timber beams, where the direction 
of grain in the wood is parallel to the span, is to ensure that: 
The design strength is not reached or exceeded and that the bending 
stresses do not cause lateral torsional buckling of the beam leading to a 
premature instability failure. 
• The designshear strength is not reached or exceeded. 
• The design compression strength perpendicular to the grain (bearing 
strength) is not reached or exceeded at supports and at concentrated load 
points. 
The beam's deflection meets the serviceability deflection criteria. 
Vibration would not be a problem. 
Eurocode 5 (EC5) requires that the influence of the initial curvature , 
eccentricities and induced deflection are taken into account. 
In simple beams, if the dimensions and support conditions of the beam are 
adequate to prevent instability i.e. detleetians occur only in the loading plane, 
then it can be shown according to the theory of elasticity that the bending 
stresses in the beam are given by 
My 
a = -
1 
M: is the bending moment acting on the beam 
l: is the seeond moment of area of the beam cross seetio n 
y: is the distance from the neutral axis 
cr: is the stress at distance y 
The most common use of a beam is to resist loads by bending about its major 
principal axis. Howeve r, the introduction of forces which are not in the plane of 
bending , results in bi-axial bending. Additionally, the introduction axialloads in 
tension or compression results in a further combined of stress effect. 
When designing beams, the prime cancern is to provide adequate load 
carrying capacity and stiffness against bending about its major principal axis, 
usually in the vertical plane. This leads to a cross-sectional shape in which the 
stiffness in the vertical plane is often much greater than that in the harizontal 
plane. 
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The majority of beams, which the engineer has to design, deflect only in the 
plane of bending. 
The design strength values are obtained by applying various modifications 
and partial safety factors and the appropriate characteristic strengths. 
For timber in structural sizes used in load-carrying structures the effect of 
different inherent defects such as knots and slope of grain must be 
considered. A knot of "ordinary" size reduces the effective cross-seetian of a 
board and is associated with local fibre disturbances. Where the fibres change 
direction around a knot in a uniaxially loaded board stresses perpendicular to 
the grain will be induced. This is especially important for timber loaded in 
tension parallel to the grain (Biass, 1995). 
An example of a timber structure is given in the next picture (Figure 2.2.1.). In 
this picture is possible to see timber beams acting in bending (the harizontal 
ones) and columns in compression (the vertical ones) . 
Figure 2.2.1. Example of a limber structure (4) 
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2.3. Length and load configuration effect 
The aim of the present work is to study the length effect on bending strength. 
Forthat reason it is important to explain in a theoretical way the influence of 
length effect. 
Length effect: 
The length effect is very small and is not statistically significant. The reason 
for this might be that the variability between weak seetians within each beam 
seems to be small campared with the variability between the beams. lt may be 
concluded that length effects can be ignored in practical design. 
(Isaksson, 1999). 
Load effect: 
Load configuration was found to have a significant influence. From a 
simulation was found that the increase in strength when camparing uniform!~ 
distributed load and a point load at mid-span with a uniform moment at the 51 
percentile is 18% and 29% respectively. The corresponding values at the 501h 
percentile are 8% and 14%. (Isaksson, 1999). 
Using Weibull distribution: 
The Weibull theory is a statistical approach to the failure of a brittle material. 
Using the weak-link concept, Weibull presented the first theories capable of 
quantifying effects of stress distribution and volume on strength of materials. 
P t( cr1 )=Pt(cr2) ~ 1-exp( -V1 *(( cr1 -b )/a) 11k)= 1-exp( -V/((cr2-b )/a) 11k) 
~ V1 *((cr1 -b)/a) 11k = V2*((cr2-b)/a) 11k ~ (V1N2) = ((cr2-b)/(cr1-b)) 11k 
~ (cr2-b)/(cr1 -b) = (V1N2)k 
If b is zero the equation is reduced to: 
For the beams of different lengths the equation for the length effect can be 
written as: 
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Where: 
L1 , L2 : L1 is the length of the sh orter beam and L2 is the 
length of the longer on e 
f1 , f2 : are the failure stresses for L1 and L2 
K : is the shape factor 
(Isaksson, 1999) 
The or 
A high value of K gives a large length effect on the beam, whereas a low 
value of K means there is minimal effect on the stress from the beams length. 
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3. EXPERIMENTAL WORK 
3.1. Material 
A softwood has been ehosen (Norway Spruce, Picea Abis) because it is one 
of the most common species in Nordie countries (see Figure 3.1.1.) 
Trees description: 
• Norway spruce can grow 40-50 m tall (80 to 100 feet) and 100-150 cm of 
diameter (spread 25 to 35 feet); crown conic. 
• With age the top becomes open and the branchlets droop. Bark orange-
brown, finely flaking, becoming gray-brown, scaly on old trees. 
• Branches short and stout, the upper level or ascending, the lower 
drooping; twigs orange-brown, usually glabrous. 
• Buds reddish brown, 5-7 mm, apex acute. 
• Leaves 1-2.5 cm, 4-angled in cross section, rigid, light to dark green, 
bearing stomata on all surfaces, apex blunt-tipped. Seed cones 12-16 cm; 
scales diamond-shaped, widest near middle, 18-30 * 15-20 mm, stift, 
leathery, margin at apex erose to toothed, apex extending 6-1 O mm 
beyond seed-wing impression. 
Figure 3.1.1. Norway Spruce (Picea abies) 
Spruce is the most important conifer for providing structural timber in Sweden 
and 70% of the Sweden's forests are spruce. 
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Norway spruce has a rather extensive range in Europe, growing from 
Seandinavia to the Balkans and the Alps. 
In the centre of Europe it appears as mountain tree while in the north, in the 
Scandinavian countries, Russia and north of Poland it is a plane tree. The 
species is adapted to cool temperature climates. 
The wood is strong for its weight, but slightly resinous and is also importance 
in the manufacture of pulp and paper. (Artigas, 2000). 
Norway Spruce beams from the south of Sweden were used in the Thesis . 
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3.2. Methodology 
The timber beams were numbered for reference before being tested. The arrow is to 
know where the pith is and in which position the beams were put during the test. (see 
Figure 3.2.1.). 
Figure 3.2.1. Timber beams were given reference numbers prior to being tested 
The weakest seetian of each beam was visually identified. The grading system used 
was visual registration of knots. 
Figure 3.2.2. The weakest seetian of each beam was visually identified 
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The first test was to find the MOE (Modulus Of Elasticity) . First the timber beam 
member was supported by two point supports (one under each end). Each beam was 
applied two loads of (P/2) kN (the loadls position are explained in Figure 3.2.3.) : 
F· 
F' F' 
- l l l' 11 ' 1 '.l 
Figure 3.2.3. Test arrangement for measuring bending strength and modulus of 
elasticity according to EN 408 
Figure 3.2.4. MOE test. 
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This instrument shown in figure 3.2.5. was used to measure the deflection of the 
timber beam as the verticalload was applied. 
Figure 3.2.5. De ta il of the instrument to measure the deflection 
With the graph obtained in the laboratory test (between the load and the 
deflection)(see Figure 3.2.6.) is possible to find the straight Iine regression . 
Where: 
P = a+ bö 
b: is the inclination of the straight Iine regression = P l 81 
( regression parameter) 
a: is the intercept 
BEAM 119 
6.000 ,------ l 
- 4.000 -1 --------------:;o;::;;o~ -------l 
z 
..lll: 
;- 3.000 -1 ----------r~--------J 
"' 
.3 2.000 ~----------=~~------------! 
1.000 
O. 000 .___-----.-----,----.,------,--- --,----.------1 
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 
Deflection (mm ) 
Figure 3.2.6. Ex ample of the plot between the load and the deflection 
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On the other hand is possible to find the moment distribution (see Figure 3.2.7.): 
Figure 3.2.7. Moment distribution 
Using the next expression it is possible to find the MOE, (Modulus of Elasticity) : 
pd(5h)2 
_si _M_z_2 - -=2 __ _ 
2 16El 16EI 
d = 6h 
p 6h(5h) 2 
g - -=2'------- -
1- 8EI 
E= MOE = P112.5 =(p) 112.5 
b61 61 b 
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Where: 
----------, ,, 
l. 
81 : is the detleetian found in the laboratory test 
P : the load value 
l : moment of inertia = (1/12)bh3 (see Figure 3.2.9.) 
L = 5h 
d = 6h 
Experimental work 
P/81 : Found with the graphie obtained in the laboratory 
test (between the load and the defleetion) (see Figure 3.2.6.) = b 
= is the ineline of the straight Iine regression . 
H=F'+,_I 
u J 
.l LJ 
Figure 3.2.8. Moment applied Figure 3.2.9. Direetion of the axis 
Before the failure test all the beams where ranked depending on their MOE. Then it is 
possible to test 2 samples with similar properties. The two similarsamples were done 
seleeting in the table (see Appendix lll.i.) ranked depending on their MOE putting in 
Sample A the impair numbers and in Sample B the pair numbers. 
Now is ready to start the failure test. 
Two kinds of samples are used in the Thesis: 
1. With four meter spans (Sample A) (see Figure 3.2.1 0.): When leading 
the 4 m spans it was diffieult to put the weakest seetian in the middle 
of the span. However the weakest seetians were between the two 
loads. This is not a problem beeause the moment between the two 
loads is the same (see Figure 3.2.7.). 
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Fl 
F 2 F' 2 
j 1'1 -. c. l' l j 1'1 
--------------- ---·~'~' '--------------------~ 
Figure 3.2.1 O. Fai/ure test with four meter spans 
2. With two meter spans (Sample B) (see Figure 3.2. 11 .): When loading 
the 2 m spans it was not difficult to put the weakest seetian in the 
middle of the span. There is one thing that can improve the results, it 
is to account for the overhang . 
F .: 
11 . ':· l'l l 1'1 l)r:. 1' 1 
• .:: 1'1 
Figure 3.2.11. Failure test with two meter spans 
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Figure 3.2.12. Test set-up 
This instrument shown in Figure 3.2.13. and Figure 3.2.14. was used to measure the 
deflection of the timber beam as the verticalload was applied . 
o l 
l 
. l 
The instrument to measure the deflection 
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Figure 3.2.15. Failure detail 
When the failure test is finished (Figure 3.2.15.) then it is possible to cut off a slice of 
the tested timber (clear wood, without knots) to find the density by this expression: 
PMC,MC = m1 l v1 
Where: 
m1 : weight before drying 
V1 : volume before drying ( bhl) (see Figure 3.2.16.) 
l•o<c''"'D l 2_ 
f------1 ---------11 
, J,=[-J':"ol'll'l 
L= -li_IJ·II'I 
Figure 3.2.16. Slice of a tested firnber beam 
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lt is also possible to find the moisture content (MC) for the slice. The MC expression 
is: 
Where: 
m0 : weight after drying 
The specimen is dried to zero MC (Moisture Content) in an aven a temperature of 
1 05°C. 
Later it is possible to cut off another slice of wood from the same sample to see the 
ring width (Figure 3.2.17.) : 
Figure 3.2.17. Determination of width of annual rings (Isaksson , 1999) 
Ring Width --)> length 
n°oj rings 
steps to follow after each failure test: 
1. Write the number of the beam on all sides. 
2. Number all the knots close to the failure section. 
3. Type of knots (see figure 3.2.18.) 
4. Number the sides of the beam. 
5. Fill in a form . 
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A f: 
v 
E F l _j H 
Figure 3.2.18. Different knot types used for classification. In types F, G and H the 
pith is located inside the specimen (Isaksson , 1999) 
The TKAR (Total knot area ratio) expression is: 
Where: 
TKAR = Al+A2 +A3 
bh 
A 1 , A2 , A3 : are the areas of e a ch knot projected to the cross seetian 
(see Figure 3.2.19.). 
Then it is possible to evaluate the influence of TKAR on the bending strength . 
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------
Figure 3.2.19. Areas of each knot projected to the cross seetian 
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3.3. Machinery 
Several machines are used to make the laboratory tests: 
1. The rnachine shown in Figure 3.3.1 . was used to brace and load the timber 
beams. Three nails were hammered inta one side of each beam, one in the 
weakest seetian and two 2.5*h (where h is the height of beam) on either side. 
Each beam was individually placed inta the rnachine which can apply a vertical 
load, as shown in Figure 3.3.1. The beams were braced inta position at both 
supports and at the applied loads to prevent lateral buckling. The beam was 
supported by two point supports, allowing the weakest seetian of the beam to be 
in the middle. 
A frame was h ung on the two outer nails on the beam, and the displacement was 
measured by the middle nail according to EN 408. 
There is a rnachine which applies the vertical load through a hydraulic cylinder. 
Another rnachine is to select the speed of the load applied via the vertical cylinder 
from the floar (mm/see.). For the MOE tests was used a speed of 0.2 mm/see ; 
and for the FAILURE tests a speed of 0.15 mm/see. 
Figure 3.3.1. Machine used to brace and load the timber beams 
2. The test results are stored in a computer. The program "Marita," is used to store 
all the data of the tests. 
3. A jigsaw cutter was u sed to cut off a sample of the tested timber to find 
the density, moisture content and the ring width . 
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4. Another cutting rnachine was used to give a clean cut after the jigsaw cutter. 
5. An oven was used to dry the pieces of timber over a two day period at a 
temperature of 1 05°C. 
6. Finally, a digital camera was used to take photographs of the processes. 
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4. EVALUATlON OF TEST RESUL TS 
4.1. lnfluence of compression wood on bending strength 
lt was noticed that there were a few beams that were darkerthan others. They 
were also a bit heavier. Those beams consisted partly of compression wood. 
Then, the idea was to find out if the bending strength of compression wood is 
lower than for normal wood. To find that the results of four beams of sample A 
(see table 4.) of compression wood were analysed. 
SAMPLE A Number of beam Failure load [kN] 
Compression wood 140 
. Compression wood 138 
Compression wood 98 
Compression wood 19 
Average of the four compression wood beams: 12.35 kN 
17.2 
6.0 
10 
16.2 
lt is very close to the average of the complete sample: 12.3 kN 
Table 4. Gomparison of the sample A average with the average of 4 
beams with compression wood 
To be able to campare with the complete sample the average of compression 
wood was calculated (12.35 kN). This average was very close to the average 
of sample A (12.3 kN) . The behaviour in bending of these four beams is very 
close to the behaviour of the beams without compression wood. 
Since there were only four beams with compression wood it is hard to draw 
any conclusions. When Iaoking carefully at the compression wood results, it 
can be seen that there are two high values and two low values in respect to 
the average bending strength. An explanation of the differences of these 
strengths is that the position of the campressia n wood with in each beam being 
tested is the major influence. Gompression wood in the compression side of 
the beam reduces the strength lessthan if it is on the tension side. To improve 
the accuracy of these conclusions, further tests should be conducted on 
beams with compression wood . 
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For sample B there is only one example of compression wood. lts failure load 
is below the average value. 
Average of the complete sample: 27.3 kN 
Table 5. Gomparison ofthe sample B average with one compression wood 
In the following pictures the compression wood in the timber beam can be 
seen. The compression wood is in one side of the beam, so the bending 
strength can change a Iot puttingthis side up or down. 
Gompression wood 
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4.2. Where does failure occur? 
In almost all the beams the failure seetian was where the beam has more 
knots or where the beam has more grain deviation. So failure eecurs where 
the beam has more defects. That happens because the presence of knots in 
timber eauses tension perpendicular to the grain. The relation is difficult to 
quantify since the effect of knots will depend not on ly on their number and size 
but also on their distribution along the length of the sample and the cross 
face s. 
The knots in clusters are more important than knots of a similar size which 
are evenly distributed. While Knots on the top or bottom edge of a beam are 
more significant than those in the centre; large knots are much more critical 
than small knots. 
In the bending mode timber is subjected to compression stresses on the 
upper part of the beam and tensile on the lower part. The first stages of 
failure in bending will frequently be associated with compression failure and 
as both the bending stress and consequently the degree of compression 
failure increase thereby allowing the increased compression load to be 
carried over a greater cross-section. Fracture eecurs when the stress on the 
tensile surface reaches the ultimate strength in bending . lt is important to 
underline that it is impossible to know how the stresses are distributed within 
a timber cross section. 
The next two pages show an example of where the failures occur. lt eecurs in 
the weakest section. Pictures of the four faces of the beam in the weakest 
seetian are taken. The pictures of the weakest seetian of all the tested beams 
are stored on a CD . 
Figure 4.2.1. Weakest Section 187.1 ( beam 187, face 1) 
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Figure 4.2.2. Weakest Section 187.2 ( beam 187 l face 2) 
Figure 4.2.3. Weakest Section 187.3 ( beam 187 l face 3) 
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Figure 4.2.4. Weakest Section 187.4 ( beam 187 , face 4) 
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4.3. What happens to the beams with few defects? 
For both samples there are beams where the failure section has no knots or 
just have one very small knot. In the next tables can be seen how these 
beams have a higher failure load than the average of the whole sample. That 
is the best example to explain that beams with few defects can support higher 
loads than beams with more knots or other kind of defects. 
SAMPLE A Number of beam Failure load [kN] 
Beam with few defects 140 
Beam with few defects 137 
Beam with few defects 120 
Beam with few defects 96 
Beam with few defects 3 
Beam with few defects 69 
Average of the complete sample: 12.3 kN 
Average of the six beams with few defects: 18.3 kN 
Beam with few defects 
Average of the complete sample: 27.3 kN 
Average of the six beams with few defects: 33.7 kN 
17.2 
15.0 
16.2 
20.8 
21.2 
19.0 
Table 6. Gomparison of both samples a verages with the average of the 
beams with few defects. 
lt can be seen that the average of the beams with few defects is higher than 
the average of the whole sample. 
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4.4. Relation between MOE (Modulus of elasticity) and stress 
at failure 
To find the relation between the MOE (Modulus of Elasticity) and the stress at 
failure, there are two plats (one for sample A and another one for sample B) 
(see Figure 4.4.1. and Figure 4.4.2.). The plot does not clearly follow a rule (it 
does not follow a straight Iine). The linear regression Iine shows similar 
dependency between MOE and bending strength for the two samples. 
MOE vs STRESS ( sampleA ) 
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Figure 4.4.1. Plot MOE vs STRESS, Sample A 
MOE vs STRESS ( sample B ) 
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Figure 4.4.2. Plot MOE vs STRESS, Sample B 
20000 
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4.5. TKAR (Total knot Area Ratio) 
The TKAR parameter depends on the kind of knots; if there are more knots A, 
B, E or C (see the table in the Figure 3.2.18.) there are more possibilities that 
the TKAR will be big. 
The influence of the TKAR parameter in the failure seetian is not so clear. If 
the TKAR is big the bending strength is Iikeiy to be low. The most important 
knots in the failure are those on the top or the bottom edge of the beam (kind 
D, G, B, E), sothat means if the TKAR is big, it does not necessarilarly mean 
that it will have a low strength. 
In the next four pages there are two examples of the TKAR parameter with its 
pictures (with the areas of each knot projected to the cross section), 
expressions, tables and values. 
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4.6. Data and plots from the tests results 
In this section a selection of the most significant plots is presented. This 
selection has been made between the two hundred plots of failure test. 
SAMPLE A: 
• BEAM 111: Load (kN)- Deflection (mm) 
The plot of Load-Deflection can be divided into different sections: 
a) The elastic, where deflection is not permanent, is the first linear 
section. 
b) The plastic, where deflection is permanent and where the be am 
starts to have small failures (cracks), and the deflection increases 
without an increase of load. 
c) There was permanent deformation when the beam failed, it failed 
with a total deflection of 150 mm. 
BEAM 111 
14.0 
12.0 
10.0 
z 8.0 
..:.: 
"C 
nJ 6.0 o 
..J 
4.0 
2.0 
0.0 
/ 
/ 
/ 
/ 
/ 
v 
0.0 50.0 100.0 150.0 
Deflection ( mm ) 
Figure 4.6.1. Plot of beam number 111 
Figure 4.6.2. Picture of the failure seetian of beam 111 
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• BEAM 69: Load (kN) - Detleetian (mm) 
A linear plot until 18 KN can represent the elastic section, where the plastic 
seetian starts. In this plastic seetian the load increases slightly until it fails. lt 
can be seen that the beam fails near to a detleetian of 150 mm. 
BEAM 69 
25.0 -, --
0 .0 20.0 40 .0 60.0 80 .0 100 .0 120 .0 140 .0 160.0 
Deflection (mm) 
Figure 4.6.3. Plot of beam number 69 
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• BEAM 85: Load (kN)- Detleetian (mm) 
The first seetian of this plot is linear elastie, so the inelination is almost the 
same. After the first eraek, the beam is able to support load again but with 
different inclination, (the plastie seetion). 
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80 
Figure 4.6.5. Plot of beam number 85 
Figure 4.6.6. Failure seetian of beam 85 
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BEAM 39: Load (kN) - Deflection (mm) 
In this plot it can be seen that after a small failure the beam is able to support 
higher loads than before this small failure. This eecurs because the weaker 
fibre fails transferring the tension to a stronger fibre. Before failure it has 
several small cracks. 
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Figure 4.6.7. Plot of beam number 39 
Figure 4.6.8. Fai/ure seetian of beam 39 
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• BEAM 115: Load (kN) - Deflection (mm) 
In this plot an elastic part can be seen and before failure the plastic part. In 
the plastic section one small crack before the failure can be seen. 
16 
14 
12 
z 10 
.lo:: 
"C 
ltl 
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BEAM 115 
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L \ 
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/ \ 
o 30 60 90 120 150 
Deflection (mm) 
Figure 4.6.9. Plot of beam number 115 
Figure 4.6.1 O. Failure seetian of beam 115 
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SAMPLE B: All the plats are Load (kN) - Detleetian (mm) 
The beams in sample B have a shorter span of two meters campared to 
sample A. The first consequence that can be seen, is that the detleetian at 
failure is less than in sample A. In sample B the common detleetians betare 
failure are around 35-50 mm. The failure load is higher for beams, with two 
metersspanthan with four meters span . 
• BEAM 9: Betare failure this beam had a plastic seetian where it had two 
small eraeks betare the permanent deformation (failure). After the small 
eraeks the beam is reloaded, but it never reaches the maximum load again . 
This maximum load is reached betare the first crack. 
After the small failures it can be observed that the inclination of the plot 
decreases. At the beginning it had an inclination (P/8)=1.1607, and when 
failure occurs the inclination of the plot was 0.5128. That means that every 
time the re was mo re detleetio n with less i nerease of load. 
z 
.Il: 
"O 
ni 
o 
...J 
0.0 
BEAM 9 
10 .0 20 .0 30.0 40.0 
Detleetio n (m m ) 
Figure 4.6.11. Plot of beam number 9 
q (f) 
., 
Figure 4.6.12. Failure seetian of beam 9 
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• BEAM 35: This graph seems to be taken from a theoretical book. First the 
elastic seetian (1) can be seen , and then several small eraeks (2). The plastic 
seetian (3), is almost harizontal (the beam can not support more load) and 
finally the beam failure at the end (4). Allthese points can be seen in the plot. 
(1) (2) (3) (4) 
\ ~ ~ t-35 .0 \ ~AM35 \ ~ 30 .0 /\. \ / \ 25 .O 
~ \ / z 20 .0 
..:.: \ / ~ \ 'O (lJ 15 .O o y \ ..J 1 O .O / \ 5 .0 / 0.0 
0.0 1 O .O 20 .0 30 .O 40.0 50 .0 60 .0 
Deflection (mm) 
Figure 4.6.13. Plot of beam number 35 
Figure 4.6.14. Failure seetian of beam 35 
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BEAM 113: 
a) This plot is the most common in sample B. lt is linear and it fails 
without small eraeks before the failure. 
BEAM 113 
35 .0 -,--------------------------, 
30.0 -1 --~-~,J"--=-=-~---------------i 
z 25 .o L ~ 
:. 20 .0 l ~ 
] 15 .0 - l ~ 
10.0 l ~ 
5.0 V' ~ 
O .O -f-- - -----,-------,------.-----=------i 
0 .0 50.0 100 .0 
Deflection (mm) 
150.0 
Figure 4.6.15. Plot of beam number 113 
200.0 
b) Laoking at the plot on a larger scale, it can be seen better how the 
plot is linear, and just before failure there is a bit of curvature. 
BEAM 113 
35.0 -.---------·----------------------------, 
30.0 +--------------~------=~=----1 
~ 25.0 -1 --------------------~----=--- --------1! 
z ~ i ~ 20.0 -1 --------- ~-----::---=- ---------j 
~ 15.0 -1 ------~.L.~=------ -------
..J ~ 10.0 - ~ 
5.0~ 
O .O -r------,-----.----,-------,-----,----,--------; 
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 
Deflection (mm) 
Figure 4.6.16. seeond plot of beam number 113 
Figure 4.6.17. Failure seetian ofbeam 113 
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• BEAM 126: In this plot three special characteristics can be seen: 
a) lt does not have any eraeks or intermediate failure. 
b) Around 32 kN it "seems " to change from the elastic seetian to the 
plastic one. The term "seems" is used because the plot has an 
important change of inclination. 
c) Before failure the load starts to decrease, but it did not fail suddenly 
like beam 113. 
BEAM 126 
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Figure 4.6.18. Plot of beam number 126 
56 
Evaluatian of test results 
• BEAM 188: This beam failed like the majority in this sample. Suddenly 
after a linear plot, there was a small deflection, which value was around 37.5 
mm. But this one has a small crack before the failure. 
BEAM 188 
35 .0 - ---- ---, 
30 .0 ~ ~ 25 .0 / z 20 .0 
.l<: / "C 
"' 
15 .0 . o / ..J 1 0 .0 / 5 .0 / 
O .O +------,-------.----.----.----r------.----..----L-i 
0 .0 5 .0 10 .0 15 .0 20.0 25.0 30.0 35.0 40.0 
Deflection (mm) 
Figure 4.6.20. Plot of beam number 188 
188 
-· @ 
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4. 7. The length effect 
In the laboratory tests two types of beams were used. One was with 4 meter 
span (Sample A) and another one with 2 meter span (Sample B). 
F ,O 
l 1'1 -, L.. 1' 1 l l'i 
~· 1'1 
Figure 4.7.1. The length effect was studied forthese two samples 
Using Weibull distribution for beams of different lengths: 
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Where: 
L1 , L2 : L1 is the length of Sample B and L2 is the 
length of the SampleA. 
f1 , f2 : are the failure stress for L1 and L2 
K : is the shape factor 
The data are : 
L1 =2m 
L2 = 4m ----•~ K=0.126 
cr1 = 47.4MPa 
a2 = 43.4MPa 
The value (K=0.126) means that the length effect is quite low using these two 
samples (using 4 meterspansand 2 meter spans). 
lt is possible to campare both samples using a plot between stress and MOE 
(see figure 4.7.2.). In this plot it is easy to see that the behaviour of both 
samples are similar ; the inclinations of the linear regression are very similar , 
that means the "MOE vs. stress at failure" grows similarly in both samples 
(both samples have similar properties). 
MOE vs STRESS (sample A and B) 
90 -~--------------------------~ 
80 -~------------------~.~--~~ 
• 
70 +---------------------~·---~ 
"' 60 -1-----------;oor-----o<:>-
ll.. 
~ 50 -~-------u-.::oc~~~~_E__--i 
(A) f= 0.0033 MOE + 1.0295 
R2 = 0.4584 
(B) f= 0.0027 MOE + 12.656 
R2 = 0.4026 
~ ~----------~ 
~ 40 -~-------~~~ 
0:: 
~ 30 1--------~--~~~~=-~---~~ 
20 -r--------r------------------~ 
• 
10 -r---------------------------~ 
o +-----~-------.------~----~ 
o 5000 10000 15000 20000 
MOE(MPa) 
o Sample B 
• Sample A 
- Linear (Sample A) 
- - Linear (Sample B) 
Figure 4.7.2. Plot "MOE vs stress" for both samples (A and B) with the 
linear regression and Coefficient of determination (R2). 
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In a study done by (Isaksson, 1999) it is possible to see samples (very similar 
like ours) where the length effect is minimal (with uniform moment)( see Figure 
4.6.). In that case the values of the shape factor (K) at the 5th and 50th 
percentile were (Table 7): 
Gompression and Tension Gompression Tension 
5% 50% 50% 50% 
L22oo/L32oo l o l 0.146 l 0.196 l 0.017 
L22oofl42oo l 0.231 l 0.106 l 0.133 l 0.039 
Table 7. Shape factor (K) 
-----·- ·---- ·-·- . 
-+- 4200 
--t}- 3200 
~ 2200 
o !1--'III!SC::..._..,-------f-
20 30 40 50 60 70 80 90 
Bending strength [MPa] 
Figure 4.7.3. Cumulative distribution function for the length effect with uniform 
moment. (Isaksson , 1999 ) 
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5. CONCLUSIONS 
• The main objective of this project was to see the influence of the knots on 
the bending strength and the influence of length effect. Two hundred beams 
were divided in two matehed samples and testes for bending strength. The 
span of the beams we re 2 and 4 meters respectively. 
• For a high percentage of beams, failure occurs where there were bigger 
knots or more grain deviation. Rarely the beams fail in clear wood. 
• When there is compression wood (darker wood), the load at failure is very 
close to the average of the loads. The important thing is the position of the 
compression wood. If it is in the upper side of the beam this is better because 
this side is in compression . 
• When there are no knots or there are few defects, the bending strength 
increases campared to when there are defects. 
• In general it is easy to see that knots influence the strength, knots are 
undoubtedly the most common and influential defect. The reduction in 
strength due to knots is due to the deviation in grain angle that occurs around 
knots; also this tension perpendicular to the grain is the weakest direction of 
wood. 
• lt is possible to see at the bottom of the "Volume and density table" 
(Appendix IV) the average density values before drying and after drying. The 
moisture content influences both strength and stiffness parameters. 
Generally, the higher the moisture content the lower the strength and 
stiffness, at least below the fibre saturation point. 
• The failure load values were found in a short-term laboratory test. The 
strength values in design of timber members for long-term permanent loads 
are approximately only 60% of the strength that was found. 
• A great variability between the bending strength of the different timber 
beams was found . That was found in both samples. The reason why that 
occurs is knots and fibre angle (macrostructure) and also the minute structure 
of cell walls and the anornalies of structural timber. 
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Table about beam position in the test 

Table about beam position in the test 
Nummer of Distance "L" from the Date of the Position of the Timber weakest seetian to the arrow, and side 
Be am nearest end (mm) testing when testing 
1 2142 2001-03-20 J]. R 
2 2008 2001 -03-20 J]. R 
3 1537 2001-03-21 1J L 
4 2081 2001-03-20 J]. R 
5 2071 2001 -03-20 J]. R 
6 1518 2001-03-21 J]. R 
7 1536 2001-03-21 J]. R 
8 1584 2001-03-21 1J R 
9 2155 2001-03-21 J]. R 
10 1644 2001-03-21 1J R 
11 1860 2001-03-21 J]. R 
12 1768 2001 -03-21 1J R 
13 1894 2001 -03-21 1J R 
14 2189 2001 -03-21 1J R 
15 1740 2001-03-22 J]. R 
16 1772 2001 -03-22 1J L 
17 2060 2001-03-22 J]. R 
18 1716 2001 -03-22 J]. R 
19 1538 2001-03-22 1J R 
20 1462 2001 -03-22 1J R 
21 2172 2001 -03-22 1J R 
22 1619 2001 -03-22 J]. L 
23 1751 2001-03-22 1J L 
24 2015 2001 -03-22 J]. R 
25 1530 2001-03-22 J]. L 
26 2000 2001-03-22 J]. L 
27 2042 2001 -03-22 J]. R 
28 1315 2001-03-22 1J R 
29 1802 2001 -03-22 J]. R 
30 2202 2001-03-22 J]. R 
31 1929 2001-03-22 J]. R 
32 1336 2001-03-23 J]. R 
33 2095 2001-03-23 J]. R 
34 1388 2001-03-23 1J R 
35 1467 2001 -03-23 J]. R 
36 1413 2001 -03-23 J]. R 
37 2168 2001 -03-23 J]. R 
38 1960 2001-03-23 J]. R 
39 1986 2001-03-23 J]. R 
40 1925 2001-03-23 1J L 
41 1714 2001-03-23 J]. R 
42 1523 2001 -03-23 J]. R 
43 1821 2001 -03-23 1J L 
44 1848 2001-03-23 1J L 
45 1913 2001 -03-23 1J R 
46 1914 2001-03-26 1J R 
47 2088 2001-03-26 J]. R 
APPENDIX l 1 
Table about beam position in the test 
Nummer of Distance "L" from the Date of the Position of the Timber weakest seetian to the testing arrow, and side Be am nearest end (mm) when testing 
48 1736 2001-03-26 J). R 
49 1624 2001-03-26 J). R 
50 1794 2001 -03-26 '(J R 
51 1802 2001-03-26 '(J R 
52 1769 2001-03-26 '(J L 
53 1894 2001-03-26 '(J L 
54 1685 2001-03-26 J). R 
55 1503 2001-03-26 J). R 
56 1856 2001-03-27 '(J R 
57 2132 2001-03-27 J). R 
58 2167 2001-03-27 '(J R 
59 1326 2001-03-27 '(J R 
60 2178 2001-03-27 '(J L 
61 2218 2001 -03-27 '(J R 
62 1768 2001 -03-27 '(J R 
63 1947 2001-03-27 J). R 
64 1430 2001 -03-27 '(J R 
65 2186 2001 -03-27 J). R 
66 1856 2001 -03-27 '(J L 
67 1770 2001 -03-27 J). R 
68 1635 2001 -03-27 J). R 
69 2079 2001 -03-27 '(J R 
70 1549 2001-03-27 J). L 
71 1951 2001-03-28 '(J R 
72 2218 2001-03-28 '(J L 
73 1989 2001 -03-28 J). R 
74 2215 2001 -03-28 J). L 
75 1765 2001 -03-28 J). R 
76 1995 2001 -03-28 '(J R 
77 2182 2001 -03-29 '(J R 
78 2243 2001 -03-29 '(J L 
79 1590 2001-03-29 J). L 
80 1641 2001-03-29 J). R 
81 1764 2001 -03-30 J). L 
82 1561 2001 -03-30 '(J R 
83 1810 2001 -03-30 '(J R 
84 2145 2001 -03-30 J). L 
85 1624 2001 -03-30 '(J L 
86 1647 2001-03-30 '(J R 
87 2180 2001 -03-30 J). R 
88 2188 2001 -03-30 J). R 
89 1584 2001 -03-30 J). L 
90 2248 2001 -03-30 J). L 
91 1913 2001-03-30 J). L 
92 1921 2001 -03-30 J). R 
93 2020 2001 -03-30 J). R 
94 1864 2001 -03-30 J). R 
APPENDIX l 2 
Table about beam position in the test 
Nummer of Distance "L" from the Date of the Position of the limber weakest seetian to the arrow, and side 
Be am nearest end (mm) testing when testim:~ 
95 1492 2001-03-30 D R 
96 2188 2001-03-30 '(J L 
97 2229 2001-03-31 D R 
98 1615 2001-03-31 '(J L 
99 1701 2001-03-31 D R 
100 1622 2001-03-31 D R 
101 1827 2001-04-02 '(J R 
102 2200 2001-04-02 D R 
103 1612 2001-04-02 D R 
104 2009 2001 -04-02 '(J R 
105 2245 2001-04-02 D R 
106 1519 2001-04-02 D R 
107 2192 2001-04-02 D R 
108 1596 2001-04-02 '(J L 
109 1770 2001-04-02 '(J R 
11 o 2186 2001-04-02 D R 
111 1818 2001-04-02 D R 
112 2071 2001-04-02 D R 
113 1967 2001-04-02 '(J L 
114 1932 2001-04-02 D R 
115 1539 2001-04-03 '(J R 
116 1634 2001-04-03 '(J R 
117 2091 2001-04-03 '(J L 
118 1449 2001 -04-03 D R 
119 1381 2001-04-03 D R 
120 2120 2001-04-03 D L 
121 2111 2001-04-03 D R 
122 1654 2001 -04-03 D R 
123 1646 2001-04-03 D R 
124 2170 2001-04-03 '(J R 
125 1762 2001-04-03 '(J R 
126 1928 2001 -04-03 '(J L 
127 1896 2001-04-03 '(J L 
128 1560 2001-04-03 D R 
129 1448 2001-04-03 D R 
130 2034 2001 -04-03 '(J L 
131 2007 2001 -04-03 '(J R 
132 2222 2001 -04-03 '(J R 
133 1386 2001-04-03 '(J R 
134 2179 2001-04-03 '(J L 
135 1972 2001-04-04 D R 
136 2125 2001-04-04 '(J L 
137 1621 2001 -04-04 D R 
138 1951 2001 -04-04 D R 
139 2008 2001-04-04 '(J L 
140 1683 2001 -04-04 D L 
APPENDIX l 3 
Table about beam position in the test 
Nummer of Distance "L" from the Date of the Position of the Timber weakest seetian to the arrow, and side 
Be am nearest end (mm) testing when testing 
141 1974 2001-04-04 1J L 
142 2022 2001-04-04 1J R 
143 1867 2001-04-04 1J R 
144 2009 2001-04-04 J). L 
145 2094 2001-04-04 1J R 
146 2114 2001-04-04 1J R 
147 2040 2001-04-04 J). R 
148 1719 2001 -04-05 1J R 
149 1945 2001 -04-05 1J L 
150 1946 2001-04-05 J). R 
151 1880 2001-04-05 J). R 
152 2210 2001 -04-05 1J R 
153 2207 2001-04-05 1J L 
154 1664 2001-04-05 J). R 
155 2241 2001 -04-05 1J R 
156 1820 2001-04-19 J). R 
157 1924 2001-04-19 1J L 
158 2161 2001-04-19 J). R 
159 2230 2001-04-19 J). R 
160 1918 2001-04-19 1J R 
161 1739 2001 -04-19 J). L 
162 2109 2001-04-19 J). R 
163 1415 2001-04-19 J). R 
164 2125 2001 -04-19 J). R 
165 1943 2001-04-19 J). L 
166 2011 2001 -04-19 J). R 
167 1950 2001-04-19 J). R 
168 1565 2001-04-19 1J R 
169 2226 2001 -04-19 1J L 
170 1799 2001-04-19 J). R 
171 1636 2001 -04-19 1J L 
172 1843 2001-04-19 J). L 
173 2154 2001-04-19 J). L 
174 1545 2001-04-19 J). R 
175 1481 2001-04-19 1J R 
176 1792 2001-04-20 J). R 
177 2052 2001-04-20 J). R 
178 1750 2001-04-20 J). R 
179 1310 2001 -04-20 J). R 
180 1654 2001-04-20 1J L 
181 1351 2001 -04-20 J). L 
182 1806 2001-04-20 J). R 
183 1510 2001-04-20 J). R 
184 1775 2001 -04-20 1J L 
185 1994 2001 -04-20 J). R 
APPENDIX l 4 
Table about beam position in the test 
Nummer of Distance "L" from the Date of the Position of the Timber weakest seetian to the arrow, and side 
Be am nearest end (mm) testing when testing 
186 1670 2001 -04-20 .0. R 
187 2217 2001 -04-20 .0. R 
188 2008 2001-04-20 .0. R 
189 1950 2001 -04-20 1J R 
190 1506 2001-04-20 1J R 
191 1982 2001-04-20 1J R 
192 2114 2001-04-20 .0. R 
193 2189 2001-04-20 .0. R 
194 1969 2001-04-20 .0. R 
195 2085 2001-04-20 1J R 
196 2018 2001 -04-20 1J R 
197 2064 2001-04-20 1J R 
198 1835 2001-04-20 1J R 
199 2044 2001-04-20 1J R 
200 1684 2001-04-20 .0. R 
201 1570 2001-04-20 1J L 
202 1900 2001-04-20 1J L 
203 2060 2001 -04-20 .0. R 
204 1687 2001 -04-20 .0. R 
205 1499 2001 -04-20 1J R 
206 1968 2001-04-20 .0. R 
207 1835 2001-04-20 1J R 
208 1574 2001 -04-20 1J R 
209 1670 2001-04-20 .0. L 
210 1444 2001 -04-20 .0. L 
L values have to be between : 1305 mm < L < 2250mm 
1305 mm+ 
2250 mm 
APPENDIX l 5 

APPENDIX Il 
Tables to find the MOE 

Tables to find the MOE 
Timber Beam number 179 
Lo ad Detleetio n 
1 10:34:11 0.000 0.000 
2 10:34:11 0.005 0.000 
3 10:34:12 0.005 -0.001 
4 10:34:13 0.002 0.000 
5 10:34:14 0.009 0.001 
6 10:34:15 0.005 0.000 
7 10:34:16 0.005 0.000 
8 10:34:17 0.002 -0.001 
9 10:34:18 0.011 0.000 
10 10:34:19 0.002 0.001 
11 10:34:20 0.000 0.000 
12 10:34:21 0.002 0.000 
13 10:34:22 0.002 0.000 
14 10:34:23 0.002 0.000 
15 10:34:24 0.002 0.000 
16 10:34:25 0.005 0.000 
17 10:34:26 0.009 o 000 
18 10:34:27 0.009 0.000 
19 10:34:28 0.005 0.000 
20 10:34:29 0.000 0.000 
21 10:34:30 0.009 -0.001 
22 10:34:31 0.002 -0.001 
23 10:34:32 0.077 0.000 
24 10:34:33 0.136 0.009 
25 10:34:34 o 170 0.011 
26 10:34:35 0.209 0.014 
27 10:34:36 0.238 0.037 
28 10:34:37 0.284 0.044 
29 10:34:38 0.324 0.045 
30 10:34:39 0.374 0.064 
31 10:34:40 0.426 0.083 
32 10:34:41 0.485 0.093 
33 10:34:42 0.540 0.117 
34 10:34:43 0.601 0.121 
35 10:34:44 0.662 0.148 
36 10:34:45 0.717 0.149 
37 10:34:46 0.780 0.158 
38 10:34:47 0.846 0.193 
39 10:34:48 0.901 0.195 
40 10:34:49 0.960 0.229 
41 10:34:50 1.044 0.232 
42 10:34:51 1.109 0.268 
43 10:34:52 1.175 0.270 
44 10:34:53 1.234 0.304 
45 10:34:54 1.298 0.305 
46 10:34:55 1.375 0.344 
47 10:34:56 1.431 0.343 
48 10:34:57 1.497 0.372 
49 10:34:58 1.556 0.380 
50 10:34:59 1.631 0.408 
51 10:35:00 1.688 0.418 
52 10:35:01 1.758 0.420 
53 10:35:02 1.81 o 0.455 
APPENDIX ll.i . 
Tables to find the MOE 
54 10:35:03 1.883 0.453 
55 10:35:04 1.944 0.456 
56 10:35:05 2.005 0.483 
57 10:35:06 2.071 0.491 
58 10:35:07 2.142 0.493 
59 10:35:08 2.203 0.528 
60 10:35:09 2.269 0.557 
61 10:35:1 o 2.339 0.565 
62 10:35:11 2.407 0.566 
63 10:35:12 2.468 0.603 
64 10:35:13 2.529 0.603 
65 10:35:14 2.591 0.639 
66 10:35:15 2.661 0.639 
67 10:35:16 2.725 0.641 
68 10:35:17 2.788 0.677 
69 10:35:18 2.856 0.678 
70 10:35:19 2.920 0.715 
71 10:35:20 2.979 0.714 
72 10:35:21 3.049 0.749 
73 10:35:22 3.108 0.751 
74 10:35:23 3.167 0.759 
75 10:35:24 3.244 0.788 
76 10:35:25 3.296 0.789 
77 10:35:26 3.362 0.825 
78 10:35:27 3.426 0.826 
79 10:35:28 3.496 0.859 
80 10:35:29 3.553 0.863 
81 10:35:30 3.616 0.880 
82 10:35:31 3.693 0.900 
83 10:35:32 3.759 0.910 
84 10:35:33 3.816 0.935 
85 10:35:34 3.877 0.937 
86 10:35:35 3.945 0.966 
87 10:35:36 4.013 0.975 
88 10:35:37 4.081 1.001 
89 10:35:38 4.154 1.013 
90 10:35:39 4.231 1.048 
91 10:35:40 4.294 1.049 
92 10:35:41 4.367 1.086 
93 10:35:42 4.444 1.087 
94 10:35:43 4.508 1.123 
95 10:35:44 4.582 1.151 
96 10:35:45 4.657 1.160 
97 10:35:46 4.728 1.160 
98 10:35:47 4.796 1.187 
99 10:35:48 4.871 1.194 
100 10:35:49 4.939 1.206 
101 10:35:50 5.011 1.234 
102 10:35:51 5.079 1.271 
103 10:35:52 4.975 1.272 
104 10:35:53 4.646 1.188 
105 10:35:54 4.313 1.122 
106 10:35:55 4.009 1.041 
107 10:35:56 3.775 0.972 
108 10:35:57 3.498 0.900 
109 10:35:58 3.255 0.826 
APPENDIX ll.i. 2 
Tables to find the MOE 
11 o 10:35:59 2.958 0.752 
111 10:36:00 2.736 0.714 
112 10:36:01 2.466 0.639 
113 10:36:02 2.221 0.566 
114 10:36:03 1.953 0.492 
115 10:36:04 1.717 0.454 
116 10:36:05 1.447 0.384 
117 10:36:06 1.191 0.342 
118 10:36:07 0.964 0.269 
119 10:36:08 0.708 0.195 
120 10:36:09 0.470 0.145 
121 10:36:10 0.220 0.084 
122 10:36:11 0.025 0.011 
123 10:36:12 0.000 0.009 
124 10:36:13 0.000 0.008 
125 10:36:14 0.000 0.008 
126 10:36:15 0.002 0.008 
127 10:36:16 0.002 0.008 
128 10:36:17 0.007 0.008 
129 10:36:18 0.000 0.009 
130 10:36:19 0.005 0.006 
131 10:36:20 0.002 0.007 
132 10:36:21 0.005 0.002 
133 10:36:22 0.002 0.002 
134 10:36:23 0.002 0.002 
135 10:36:24 0.002 0.001 
136 10:36:25 0.002 0.001 
137 10:36:26 0.005 0.001 
138 10:36:27 0.000 0.001 
139 10:36:28 0.002 0.001 
140 10:36:29 0.007 0.001 
141 10:36:30 0.000 0.001 
142 10:36:31 0.000 0.001 
143 10:36:32 0.002 0.001 
144 10:36:33 0.000 0.001 
APPENDIX ll.i. 3 
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Tables to find the MOE 
Timber Beam number 186 
Lo ad Detleetio n 
1 11:27:37 0.000 0.000 
2 11:27:38 0.002 -0.002 
3 11:27:38 0.002 0.000 
4 11:27:39 0.005 0.000 
5 11:27:40 0.000 -0.001 
6 11 :27:41 0.002 -0.001 
7 11:27:42 0.000 0.000 
8 11:27:43 0.002 0.000 
9 11 :27:44 0.005 0.000 
10 11 :27:45 0.002 0.000 
11 11 :27:46 0.002 -0.001 
12 11:27:47 0.009 -0.001 
13 11 :27:48 0.009 0.000 
14 11:27:49 0.000 0.000 
15 11:27:50 0.002 0.000 
16 11 :27:51 0.007 0.000 
17 11 :27:52 0.000 -0.001 
18 11 :27:53 0.005 -0.001 
19 11:27:54 0.009 -0.001 
20 11:27:55 0.134 0.001 
21 11:27:56 0.218 0.038 
22 11 :27:57 0.245 0.038 
23 11 :27:58 0.290 0.038 
24 11:27:59 0.327 0.072 
25 11 :28:00 0.374 0.074 
26 11 :28:01 0.406 0.071 
27 11 :28:02 0.424 0.073 
28 11:28:03 0.436 0.073 
29 11:28:04 0.458 0.074 
30 11:28:05 0.485 0.079 
31 11:28:06 0.526 0.102 
32 11:28:07 0.578 0.1 01 
33 11 :28:08 0.633 0.109 
34 11:28:09 0.681 0.111 
35 11 :28:10 0.740 0.141 
36 11 :28:11 0.805 0.147 
37 11 :28:12 0.882 0.176 
38 11 :28:13 0.948 0.186 
39 11 :28:14 1.016 0.213 
40 11 :28:15 1.073 0.221 
41 11 :28:16 1.157 0.222 
42 11 :28:17 1.232 0.259 
43 11 :28:18 1.298 0.260 
44 11:28:19 1.366 0.265 
45 11 :28:20 1.436 0.296 
46 11 :28:21 1.509 0.302 
47 11:28:22 1.581 0.334 
48 11:28:23 1.652 0.335 
49 11 :28:24 1.720 0.368 
50 11:28:25 1.797 0.371 
51 11 :28:26 1.862 0.403 
52 11 :28:27 1.933 0.406 
53 11 :28:28 2.005 0.409 
APPENDIX ll.ii . 
Tablesto find the MOE 
54 11 :28:29 2.076 0.445 
55 11:28:30 2.146 0.447 
56 11:28:31 2.221 0.479 
57 11 :28:32 2.287 0.482 
58 11 :28:33 2.362 0.494 
59 11 :28:34 2.421 0.519 
60 11:28:35 2.491 0.525 
61 11:28:36 2.566 0.555 
62 11:28:37 2.632 0.558 
63 11 :28:38 2.706 0.579 
64 11:28:39 2.784 0.593 
65 11:28:40 2.843 0.595 
66 11 :28:41 2.922 0.631 
67 11:28:42 2.992 0.632 
68 11:28:43 3.060 0.666 
69 11:28:44 3.122 0.668 
70 11:28:45 3.205 0.705 
71 11:28:46 3.285 0.706 
72 11 :28:47 3.348 0.736 
73 11:28:48 3.423 0.742 
74 11 :28:49 3.496 0.769 
75 11 :28:50 3.555 0.777 
76 11 :28:51 3.630 0.780 
77 11 :28:52 3.700 0.807 
78 11 :28:53 3.759 0.806 
79 11:28:54 3.836 0.816 
80 11:28:55 3.897 0.829 
81 11:28:56 3.970 0.857 
82 11:28:57 4.047 0.892 
83 11:28:58 4.136 0.900 
84 11 :28:59 4.210 0.928 
85 11 :29:00 4.285 0.936 
86 11:29:01 4.360 0.965 
87 11 :29:02 4.453 0.974 
88 11 :29:03 4.535 1.002 
89 11:29:04 4.612 1.006 
90 11:29:05 4.687 1.039 
91 11:29:06 4.778 1.043 
92 11:29:07 4.855 1.077 
93 11 :29:08 4.932 1.077 
94 11:29:09 5.014 1.11 o 
95 11:29:10 5.097 1.114 
96 11:29:11 5.181 1.141 
97 11:29:12 5.261 1.149 
98 11:29:13 5.336 1.187 
99 11 :29:14 5.433 1.196 
100 11:29:15 5.522 1.225 
101 11:29:16 5.585 1.253 
102 11:29:17 5.662 1.260 
103 11:29:18 5.751 1.262 
104 11:29:19 5.460 1.226 
105 11:29:20 5.066 1.141 
106 11:29:21 4.753 1.077 
107 11:29:22 4.431 1.001 
108 11:29:23 4.070 0.928 
109 11:29:24 3.766 0.826 
APPENDIX ll.ii . 2 
Tablesto find the MOE 
11 o 11:29:25 3.471 0.777 
111 11:29:26 3.210 0.718 
112 11:29:27 2.904 0.636 
113 11:29:28 2.607 0.584 
114 11:29:29 2.341 0.519 
115 11:29:30 2.042 0.447 
116 11 :29:31 1.763 0.407 
117 11:29:32 1.470 0.334 
118 11 :29:33 1.186 0.260 
119 11:29:34 0.937 0.221 
120 11 :29:35 0.635 0.143 
121 11 :29:36 0.361 0.075 
122 11 :29:37 0.098 0.038 
123 11 :29:38 0.000 0.000 
124 11 :29:39 0.005 0.000 
125 11:29:40 0.000 -0.001 
126 11 :29:41 0.005 -0.001 
127 11 :29:42 0.000 -0.001 
128 11 :29:43 0.007 0.000 
129 11 :29:44 0.005 0.000 
APPENDIX ll.ii. 3 
BEAM 186 
-0.200 0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 
Deflection ( mm ) 
Tablesto find the MOE 
Timber Beam number 194 
Lo ad Detleetio n 
1 14:25:31 0.000 0.000 
2 14:25:31 0.007 -0.001 
3 14:25:32 0.009 -0.001 
4 14:25:33 0.002 0.000 
5 14:25:34 0.007 -0.001 
6 14:25:35 0.009 -0.001 
7 14:25:36 0.002 -0.001 
8 14:25:37 0.005 0.000 
9 14:25:38 0.002 -0.001 
10 14:25:39 0.011 -0 .001 
11 14:25:40 0.002 0.000 
12 14:25:41 0.002 0.000 
13 14:25:42 0.002 0.000 
14 14:25:43 0.009 -0.001 
15 14:25:44 0.009 -0.001 
16 14:25:45 0.002 0.000 
17 14:25:46 0.032 0.000 
18 14:25:47 0.068 0.000 
19 14:25:48 0.102 0.001 
20 14:25:49 0.123 0.029 
21 14:25:50 0.138 0.028 
22 14:25:51 0.179 0.036 
23 14:25:52 0.229 0.038 
24 14:25:53 0.275 0.038 
25 14:25:54 0.336 0.065 
26 14:25:55 0.399 0.074 
27 14:25:56 0.481 0.075 
28 14:25:57 0.556 0.111 
29 14:25:58 0.619 0.111 
30 14:25:59 0.687 0.112 
31 14:26:00 0.774 0.145 
32 14:26:01 0.862 0.148 
33 14:26:02 0.930 0.149 
34 14:26:03 1.012 0.176 
35 14:26:04 1.098 0.185 
36 14:26:05 1.171 0.187 
37 14:26:06 1.257 0.218 
38 14:26:07 1.336 0.222 
39 14:26:08 1.409 0.228 
40 14:26:09 1.502 0.260 
41 14:26:10 1.565 0.261 
42 14:26:11 1.654 0.267 
43 14:26:12 1.733 0.288 
44 14:26:13 1.826 0.290 
45 14:26:14 1.903 0.301 
46 14:26:15 1.976 0.311 
47 14:26:16 2.060 0.332 
48 14:26:17 2.153 0.334 
49 14:26:18 2.225 0.371 
50 14:26:19 2.305 0.371 
51 14:26:20 2.380 0.407 
52 14:26:21 2.473 0.409 
53 14:26:22 2.550 0.410 
APPENDIX ll.iii . 
Tablesto find the MOE 
54 14:26:23 2.638 0.436 
55 14:26:24 2.715 0.443 
56 14:26:25 2.808 0.446 
57 14:26:26 2.902 0.479 
58 14:26:27 2.970 0.482 
59 14:26:28 3.047 0.500 
60 14:26:29 3.144 0.518 
61 14:26:30 3.224 0.521 
62 14:26:31 3.305 0.555 
63 14:26:32 3.396 0.558 
64 14:26:33 3.471 0.585 
65 14:26:34 3.548 0.592 
66 14:26:35 3.639 0.622 
67 14:26:36 3.720 0.631 
68 14:26:37 3.793 0.632 
69 14:26:38 3.888 0.658 
70 14:26:39 3.963 0.668 
71 14:26:40 4.056 0.696 
72 14:26:41 4.161 0.705 
73 14:26:42 4.263 0.709 
74 14:26:43 4.360 0.741 
75 14:26:44 4.458 0.742 
76 14:26:45 4.573 0.770 
77 14:26:46 4.678 0.779 
78 14:26:47 4.780 0.801 
79 14:26:48 4.877 0.817 
80 14:26:49 4.961 0.845 
81 14:26:50 5.073 0.853 
82 14:26:51 5.172 0.884 
83 14:26:52 5.254 0.891 
84 14:26:53 4.821 0.843 
85 14:26:54 4.369 0.743 
86 14:26:55 3.902 0.668 
87 14:26:56 3.553 0.621 
88 14:26:57 3.165 0.520 
89 14:26:58 2.827 0.446 
90 14:26:59 2.464 0.408 
91 14:27:00 2.073 0.325 
92 14:27:01 1.754 0.261 
93 14:27:02 1.427 0.222 
94 14:27:03 1.084 0.152 
95 14:27:04 0.719 0.112 
96 14:27:05 0.392 0.038 
97 14:27:06 0.102 0.000 
98 14:27:07 0.011 -0.001 
99 14:27:08 0.005 -0.001 
100 14:27:09 0.000 0.000 
101 14:27:10 0.002 -0. 001 
APPENDIX ll.iii. 2 
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APPENDIX III 
Tables with MOE and Load at Failure 

1 
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23 
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26 
27 
28 
29 
30 
31 
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Tables with MOE and load at failure 
Timber beams in order from the lowest MOE to the highest 
T.B. Number b [m] P/def [N/m] MOE [ MPa] 
81 0.045 2490500 6226 
166 0.045 2503700 6259 
72 0.045 2524500 6311 
209 0.045 2920300 ' 7301 
139 0.045 3030100 7575 
182 0.045 3165600 
'·' 
7914 
104 0.045 3195300 7988 
153 0.045 3355200 8388 
206 0.045 3393500 8484 
138 0.045 3420000 .' 8550 . 
162 0.045 3424100 8560 
189 0.045 3428000 8570 
156 0.045 3491700 8729 
134 0.045 3630400 9076 
132 0.045 3677400 9194 
143 0.045 3715900 9290 
74 0.045 3737900 9345 
165 0.045 3763300 9408. 
135 0.045 3766200 9416 
168 0.045 3789400 9474 
164 0.045 3799000 9498 
175 0.045 3808300 9521 
70 0.045 3813200 9533 
119 0.045 3845400 9614 
183 0.045 3875800 9690 
197 0.045 3896400 9741 
170 0.045 3953200 9883 
127 0.045 3953900 9885 
58 0.045 3954700 9887 
Ii' 92 0.045 3957800 9895 
207 0.045 3981200 9953 
103 0.045 3985900 9965 
54 0.045 3996400 9991 
79 0.045 4019100 10048 
179 0.045 4020100 10050 
198 0.045 4025100 10063 
202 0.045 4033700 10084 
42 0.045 4046500 10116 
130 0.045 4046900 10117 
44 0.045 4057300 ., 10143' 
180 0.045 4083900 10210 
150 0.045 4097200 10243 
136 0.045 4130300 10326 
173 0.045 4194900 10487 
6 0.045 4242200 10606 
124 0.045 4259000 10648 
56 0.045 4260700 10652 
123 Ii 0.045 4264200 10661 
184 0.045 4282100 10705 
160 0.045 4309800 10'775 
158 0.045 4319500 10799 
46 0.045 4385400 10964 
APPENDIX lll.i. 1 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
, 
T.B. Number 
190 
155 o 
151 
51 
27 
115 
142 
186 
114 
116 
10 
98 
157 
53 
86 
64 
192 
193 
113 
148 
176 
65 
117 
125 
82 
205 
172 
144 
38 
109 
199 
154 
90 
11 
47 
93 
161 
45 
118 
36 
87 
195 
12 
89 
41 
201 
49 
167 
23 
55 
73 
50 
75 
111 
Tables with MOE and load at failure 
b [m 1 P/def [N/m 1 MOE [ MPa 1 
0.045 4389200 10973 
0.045 4398800 10997 
0.045 4406500 11016 
0.045 4410300 11026 
0.045 4450600 11127 
0.045 4481200 11203 
0.045 4492800 11232 
0.045 4492900 11232 
0.045 4514000 11285 
0.045 4514600 11287 
0.045 4522300 11306 
0.045 4531100 11328 
0.045 4573100 11433 
0.045 4575200 11438 
0.045 4604500 11511 
0.045 4617600 11544 
0.045 4630200 11576 
0.045 4630200 11576 
0.045 4665600 11664 
0.045 4671100 11678 
0.045 4678200 11696 
0.045 4715800 ; 11790 
0.045 4716700 11792 
0.045 4742300 11856 
0.045 4755300 11888 
0.045 4761800' 11905 
0.045 4769100 11923 
0.045 4774300 11936 
0.045 4783400 11959 
0.045 4815200 12038 
0.045 4857100 12143 
0.045 4880200 12201 
0.045 4890400 12226 
0.045 4892700 12232 . 
0.045 4900400 12251 
0.045 4905000 12263 
0.045 4916000 12290 
0.045 4928600 12322 
0.045 4930600 12327 
0.045 Il 4948600 12372 
0.045 4950300 12376 
0.045 4962100 12405 
0.045 5003100 12508 
0.045 5039400 12599 
0.045 5095400 12739 
0.045 5109800 12775 
0.045 5118800 12797 
0.045 5142900 12857 
0.045 5166800 12917 
0.045 5172100 12930 
0.045 5186600 12967 
0.045 5200800 13002 
0.045 5206100 13015 
0.045 5264400 13161 
APPENDIX lll.i. 2 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
T.B. Number 
21 
84 
181 
208 
59 
140 
177 
120 
152 
34 
169 
210 
122 
. 129 
15 
94 
188 
187 
131 
102 
35 
137 
128 
159 
77 
147 
48 
25 
63 
107 
68 
141 
22 
97 
71 
174 
1 
39 
178 
83 
16 
4 
60 
95 
80 
33 
26 
31 
191 
194 
106 
149 
185 
101 
Tables with MOE and load at failure 
b [m l P/def [N/m l MOE [ MPa l 
0.045 5264600 13162 
0.045 5272700 13182 
0.045 5275400 13189 
0.045 5285100 13213 
0.045 5285300 13213 
0.045 5291800 13230 
0.045 5315300 13288 
0.045 5329600 13324 
0.045 5344300 13361 
0.045 5347600 13369 
0.045 5372400 13431 
0.045 5382900 13457 
0.045 5403400 13509 
0.045 5414700 13537 
0.045 5450800 13627 
0.045 5472700 13682 
0.045 5480900 13702 
0.045 5484600 13712 
0.045 5500000 13750 
0.045 5518300 13796 
0.045 5519700 13799 
0.045 5531700 13829 
0.045 5535700 13839 
0.045 5537600 13844 
0.045 5553200 13883 
0.045 5553400 13884 
0.045 5576900 13942 
0.045 5606200 14016 
0.045 5630100 14075 
0.045 5633500 14084 
0.045 5667500 14169 
0.045 5668000 14170 
0.045 5676400 14191 
0.045 5683100 '· 14208 
0.045 5689900 14225 
0.045 5698100 14245 
0.045 5760800 14402 
11 0.045 5774100 14435 
0.045 5778400 14446 
0.045 5811800 14530 
0.045 5813800 14535 
0.045 5819500 14549 
0.045 5845600 14614 
l t 0.045 5846100 14615 
0.045 5875700 14689 
l• 0.045 5895700 14739 
0.045 5904500 14761 
0.045 5904900 14762 
0.045 5907000 14768 
0.045 5908100 14770 
0.045 5909100 14773 
0.045 5947300 14868 
0.045 5949300 14873 
0.045 5956400 14891 
APPENDIX lll.i. 3 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
Tables with MOE and load at failure 
T.B. Number b [m] P/def [N/m] 
145 0.045 5961700 
. 17 0.045 5993900 
9 0.045 6027500 
40 0.045 6029800 
32 0.045 6053800 
67 0.045 6054700 
146 0.045 6066100 
171 0.045 6091100 
43 0.045 6095100 
7 0.045 6145900 .. 
99 0.045 6204500 
76 0.045 6231700 
133 0.045 6240200 
85 0.045 62526.00 
8 0.045 6336100 
57 0.045 6400100 
100 0.045 6416800 
91 0.045 6420500 
204 0.045 6421100 
200 0.045 6443200 
88 0.045 6462800 
" 163 ' 0.045 6476500 
78 0.045 6515100 
'·· 69 0.045 6518700 
13 0.045 6533500 
96 0.045 6552100 
196 0.045 6561400 
19 0.045 6730300 
14 0.045 6786300 
29 0.045 6957100 
30 0.045 6966100 
203 0.045 6974600 
126 0.045 6996000 
110 0.045 6997600 
108 0.045 7039300 
' 37 0.045 7099100 
24 0.045 7140700 
3 0.045 7189600 
66 0.045 7213200 
121 0.045 7424800 
MOE STADISTIC VALUES 
Max. MOE 18562 
Aver<!ge: 12737 
Median: 12887 
Std. deviation: 2598.940131 
APPENDIX lll.i. 
MOE [ MPa] 
14904 
14985 
15069 
15075 
15135 
15137 
15165 
15228 
15238 
15365 
15511 
15579 
15601 
15632 
15840 
16000 
16042 
16051 
16053 
16108 
16157 
16191 
16288 
16297 
16334 
16380 
16404 
16826 
16966 
17393 
17415 
17437 
17490 
17494 
17598 
17748 
17852 
17974 
18033 
18562 
4 
Sample A 
T.B. Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
166 
209 
182 
~53 
138 
189 
.134 
143 
165 
168 ' 
175 
119 
7197 .,_ 
127 
92 
103 
79 
198 
42 
44 
150 
173 
124 
123 
160 
46. 
1'55 
51 
H5 
142 
186 
116 
98, 
53 
64 
193 
148 
65 
125 
205 
144 
109 
154 
11 
93 
45 
36 
195 
89 
201 
167 
55 
Tables with MOE and load failure 
4 meter spans 
b [m] P/def [N/m] MOE [ MPa] Load at Failure r kN l 
0.045 2503700 6259 5.63058 
0.045 2920300 7301 6.75804 
0.045 3165600 7914 12.7652 
0.045 3355200 .8388 5.47405 
0.045 3420000 8550 5.9822 
0.045 3428000 8570 11.0093 
0.045 3630400 9076 9.01526 
0.045 3715900 9290 7.24805 
0.045 3763300 9408 10.8596 
0.045 3789400 9474 8.45491 
0.045 3808300 9521, 8.40957 
0.045 3845400 9614 11.1931 
0.04'5 3896400· 9741, 11'.209 
0.045 3953900 9885 11.3247 
0.045 3957800 9895 12.4385 
0.045 3985900 9965 10.1019 
0.045 4019100 10048 11 .2067 
0.045 4025100 10063 7.50893 
0.045 4046500 10116 11.3~33 
0.045 4057300 10143 6.76258 
0.045 4097200 10243 7.4681'1 
0.045 4194900· 10487 11.463 
0.045 T 4259000 10648 7.08926 
0.045 4264200 10661 9.71398 
0.045 4309800 10775 9.92723 
0.045 4385400 10964 8.63188 
0.045 4398800 10997 8.4776 
0.04'5 4410300 11026 12.13 
0.045 4481200 11203 14.3259 
0.045 4492800 11232 8.74984 
0.045 4492900 11232 14.6595 
0.045 4514600 11287 11.4041 
0.045 453;1100 11328 9.97488 
0.045 4575200 11438 9.61189 
0.045 4617600 11544 10.4921 
0~045 4630200 11576 12.3546 
0.045 4671100 11678 12.5202 
0.045 4715800 11790 . 10.5692 
0.045 4742300 1'1856 9.90906 
0.045 4761800 11905 ; 12.7652 
0.045 4.774300 11936 14.0015 
0.045 4815200 12038 10.6192 
0.045 4880200 12201 11.1636 
0.045 4892700 12232' 12.5429 
0.045 4905000 12263 4.553 
0.04'5 4928600 12322 11 .919 
0.,045 4948600 12372 13.4253 
0.045 4962100 12405 11.4925 
0.045 5039400 12599 11.4517 
0.045 5109800 12775 15.7824 
0.045 5142900 12857 9.94309 
0.045 5172100 12930 9.99528 
APPENDIX lll.ii. 
Sample A 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
T.B. Number 
50 
111, 
84 
208 
140 
120 
34 
210 
129 
94 
187 
102 
137 
159 
147 
25 
107 
141 
97 
174 
39 
83 
4 
95 
194 
149 
101 
17 
40 
67 
171 
7 
76 
85 
57 
91 
200 
163 
69. 
96 
19 
29 
30 
203 
110 
37 
3 
121 
Max. load: 
Average: 
Median: 
Tables with MOE and load failure 
4 meter spans 
b [m] P/def [N/m] MOE [ MPa] Load at Failure [ kN l 
0.045 5200800 13002 14.4802 
0.045 5264400 13161 12.257 
0.045 5272700 13182 12.227.5 
0.045 5285100 13213 15.031·5 
0.045 5291800 13230 17.2479 
0.045 5329600 13324 16.2202 
0.045 5347600 13369 12.8923 
0.045 5382900 13457 18.3686 
0.045 5414700 13537 13.2938 
0.045 5472700 13682 11.8238 
0.045 5484600 13712 13.9131 
0.045 5518300 . 13796 13.8609 
0.045 5531700 ,, 13829 14.9861 
0.045· 5537600 13844 12.0574 
0.045 5553400 13884 15.7212 
0.045 5606200 14016 13.5978 
0.045 5633500 14084 15.0973 
0.045 5668000 14170 15.0361 
0.045 5683100 14208 10.7598 . 
0.045 5698100· 14245 9.53931 
0.045 5774100 14435 12.4703 
0.045 5811800 14530 12.096 
0.045 5819500 14549 21.1816 
0.045 5846100 14615 13.0669 
0.045 5908100 14770 13.9063 
. 0.045 5947300 14868 14.0152 
0.045 5956400 14891· 13.5138 
0.045 5993900 14985 13.0669 
0.045 6029800 15075 15.6735 
0.045 6054700 15137 10.5216 
0.045 6091100 15228 16.5265 
0.045 6145900 15365 19.2624 
0.045 6231700 15579 11.724 
0.045 6252600 15632 10.8778 
0.045 6400100 16000 13.6046 
0.045 6420500 16051 15.4126 
0.045 6443200 16108 13.9585 
0.045 6476500 16191 7.6995 
0.045 6518700 16297 19.0242 
0.045 ·6552100 16380 20.8527 
0.045 6730300 16826 16 .. 1703 
0.045 6957100 •· 17393 17.4861 
0.045 6966100 17415 15.2992 
0.045 6974600 17437 17.9058 
0.045 6997600 17494 16.8781 
0.045 7099100 17748 15.3786 
0.045 7189600 
" 
17974 21 .1997 
0.045 7424800 18562 9.25122 
FAILURE STADISTICS VALUES 
21.1997 Std. deviation: 3.474380915 
12.30228 
12 .1 13 
APPENDIX lll.ii. 2 
Sample B 
T.B. Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
81 
72 
139 
104 
206 
162 
156 
132 
74 
135 
164 
70 
183 
170 
58 
207 
54 
179 
202 
130 
180 
136 
6 
56 
184 
158 
190 
151 
27 
114 
10 
157 
86 
192 
113 
176 
117 
82 
172 
38 
199 
90 
47 
161 
118 
87 
12 
41 
49 
23 
73 
211 
75 
Tables with MOE and load at failure 
2 meter spans 
b [m] P/def [N/m] MOE [ MPa ] Load at Failure [ kN ] 
0.045 2490500 6226 12.5021 
0.045 2524500 6311 25.215 
0.045 3030100 7575 26.1474 
0.045 3195300 7988 12.4998 
0.045 3393500 8484 25.1923 
0.045 3424100 8560 15.5533 
0.045 3491700 8729 15.0337 
0.045 3677400 9194 16.7102 
0.045 3737900 9345 31 .7395 
0.045 3766200 9416 20.5328 
0.045 3799000 9498 27.1411 
0.045 3813200 9533 22.926 
0.045 3875800 9690 14.217 
0.045 3953200 9883 28.0077 
0.045 3954700 9887 24.1942 
0.045 3981200 9953 17.1594 
0.045 3996400 9991 21 .6104 
0.045 4020100 10050 20.1675 
0.045 4033700 10084 25.0267 
0.045 4046900 10117 13.8881 
0.045 4083900 10210 15.4104 
0.045 4130300 10326 19.9021 
0.045 4242200 10606 20.6847 
0.045 4260700 10652 19.9474 
0.045 4282100 10705 25.265 
0.045 4319500 10799 18.6158 
0.045 4389200 10973 27.2227 
0.045 4406500 11016 20.2855 
0.045 4450600 11127 22.6606 
0.045 4514000 11285 29.5095 
0.045 4522300 11306 29.0262 
0.045 4573100 11433 29.8678 
0.045 4604500 11511 31 .998 
0.045 4630200 11576 21.692 
0.045 4665600 11664 31 .3946 
0.045 4678200 11696 22.5949 
0.045 4716700 11792 26.0113 
0.045 4755300 11888 32.4404 
0.045 4769100 11923 29.0603 
0.045 4783400 11959 27.3021 
0.045 4857100 12143 18.0442 
0.045 4890400 12226 27.4156 
0.045 4900400 12251 27.749 
0.045 4916000 12290 30.6664 
0.045 4930600 12327 30.7843 
0.045 4950300 12376 28.8129 
0.045 5003100 12508 32.0253 
0.045 5095400 12739 34.1782 
0.045 5118800 12797 28.6089 
0.045 5166800 12917 27.0662 
0.045 5186600 12967 24.7295 
0.045 5194000 12985 27.3157 
0.045 5206100 1301 5 28.72 
APPENDIX lll.iii . 
Sample B 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
T.B. Number 
21 
181 
59 
177 
152 
169 
122 
15 
188 
131 
35 
128 
77 
48 
63 
68 
22 
71 
1 
178 
16 
60 
80 
33 
26 
191 
106 
185 
145 
9 
32 
146 
43 
99 
133 
8 
100 
204 
88 
78 
13 
196 
14 
126 
108 
24 
66 
Max. load: 
Avera_g_e: 
Median: 
Tables with MOE and load at failure 
2 meter spans 
b [m 1 P/def [N/m 1 MOE [ MPa 1 Load at Failure [ kN ] 
0.045 5264600 13162 32.2022 
0.045 5275400 13189 21 .1816 
0.045 5285300 13213 37.8192 
0.045 5315300 13288 19.6344 
0.045 5344300 13361 32.0843 
0.045 5372400 13431 26.1972 
0.045 5403400 13509 29.1873 
0.045 5450800 13627 22.4338 
0.045 5480900 13702 32.9577 
0.045 5500000 13750 31.1246 
0.045 5519700 13799 31.4763 
0.045 5535700 13839 34.3415 
0.045 5553200 13883 20.5328 
0.045 5576900 13942 23.9424 
0.045 5630100 14075 31 .3153 
0.045 5667500 14169 31 .3719 
0.045 5676400 14191 30.4033 
0.045 5689900 14225 38.7585 
0.045 5760800 14402 12.7766 
0.045 5778400 14446 32.0321 
0.045 5813800 14535 34.5117 
0.045 5845600 14614 33.3184 
0.045 5875700 14689 18.913 
0.045 5895700 14739 34.8882 
0.045 5904500 14761 30.9047 
0.045 5907000 14768 32.386 
0.045 5909100 14773 30.6278 
0.045 5949300 14873 29.8566 
0.045 5961700 14904 29.3098 
0.045 6027500 15069 29.5548 
0.045 6053800 15135 31 .8121 
0.045 6066100 15165 29.8724 
0.045 6095100 15238 29.7998 
0.045 6204500 15511 31 .7849 
0.045 6240200 15601 30.1572 
0.045 6336100 15840 29.1987 
0.045 6416800 16042 29.8543 
0.045 6421100 16053 29.2123 
0.045 6462800 16157 30.5983 
0.045 6515100 16288 35.3873 
0.045 6533500 16334 35.2807 
0.045 6561400 16404 32.9282 
0.045 6786300 16966 36.6373 
0.045 6996000 17490 36.3061 
0.045 7039300 17598 36.4013 
0.045 7140700 17852 29.9882 
0.045 7213200 18033 34.8338 
FAILURE STADISTICS VALUES 
38. 7585 Std. deviation: 6.209362215 
27.253587 
29.1238 
APPENDIX lll.iii. 2 
APPENDIX IV 
Tables to find the Density 

Tables to find the Density 
Sample A - Volume and density of timber section 
All dimensions are in mm, uniess stated 
d=m/v Sl .. 
Number Width, w Length, l Depth, d Volume, mm Weight, g Density, g/mm"3 Density, kg/m"3 
measured after drying. 
-------- ~----141 41 137 _ 43 ____ 241531 - ~ 1o5.69 -- 0.ooo437584- ~-437. 584-
168 41 138 43 243294 106.96 0.000439633 439.633 
153 41 139 44 250756 89 .09 0.000355286 355.286 
171 41 139 43 245057 118.69 0.000484336 484.336 
186 41 139 44 250756 90.38 0.00036043 360.430 
160 41 139 44 250756 93.09 0.000371237 371 .237 
159 40 139 43 239080 93 .23 0.000389953 389.953 
205 41 137 43 241531 125.42 0.000519271 519.271 
187 41 137 43 241531 112.95 0.000467642 467 .642 
154 39 137 43 229749 102.49 0.000446096 446 .096 
155 41 139 44 250756 99 .37 0.000396282 396.282 
194 41 137 43 241531 123.84 0.000512729 512.729 
193 39 139 43 233103 99.1 0.000425134 425 .134 
197 41 139 43 245057 98.55 0.000402151 402 .151 
173 41 141 44 254364 89.1 0.000350285 350.285 
200 41 139 43 245057 110.7 0.000451732 451.732 
134 41 140 43 246820 88.5 0.000358561 358.561 
148 40 140 43 240800 101 .34 0.000420847 420.847 
203 41 137 43 241531 105.59 0.00043717 437.170 
150 42 140 43 252840 94 .84 0.000375099 375.099 
163 40 139 44 244640 105.3 0.000430428 430.428 
189 41 139 43 245057 85.06 0.000347103 347.103 
143 41 139 42 239358 94.57 0.000395099 395.099 
119 42 140 42 246960 89.37 0.00036188 361 .880 
198 41 139 44 250756 100.18 0.000399512 399.512 
182 41 139 44 250756 94.72 0.000377738 377.738 
144 41 138 42 237636 102.04 0.000429396 429 .396 
167 41 139 42 239358 97 .36 0.000406755 406 .755 
210 41 138 44 248952 110.29 0.000443017 443 .017 
208 40 139 42 233520 105.39 0.00045131 451 .310 
149 41 138 43 243294 113.34 0.000465856 465.856 
147 41 137 43 241531 93.91 0.000388811 388.811 
201 41 138 43 243294 103.99 o. 000427 425 427.425 
174 40 140 43 240800 111 0.000460963 460.963 
165 41 139 44 250756 93 .57 0.000373152 373.152 
166 41 139 44 250756 95 .62 0.000381327 381 .327 
175 42 140 43 252840 99.21 0.000392383 392.383 
140 41 137 43 241531 116.83 0.000483706 483.706 
142 41 138 43 243294 107.47 0.000441729 441.729 
195 41 140 43 246820 113.3 0.000459039 459 .039 
1----~--- -----
measured before drying 
---
- 24153'1 - ~1o1.7?- - o.ooo42T35 4- --421.354-209 41 137 43 
91 39 143 44 245388 123.44 0.00050304 503.040 
103 40 144 44 253440 122.38 0.000482876 482 .876 
110 40 144 45 259200 128.25 0.000494792 494 .792 
123 41 144 44 259776 95.07 0.000365969 365.969 
92 41 144 45 265680 128.52 0.00048374 483.740 
107 42 144 45 272160 122.06 0.000448486 448.486 
109 41 143 44 257972 117.67 0.000456135 456.135 
111 41 144 45 265680 120.48 0.000453478 453.478 
93 41 143 44 257972 118.82 0.000460593 460.593 
98 41 142 44 256168 124.45 0.000485814 485.814 
115 41 144 45 265680 122.99 0.000462925 462 .925 
APPENDIX IV.i. 
Tablesto find the Densitv 
Sample A - Volume and dansity of timber seetio n 
All dimensions are in mm, uniess stated 
Number 
116 
124 
125 
84 
94 
101 
102 
51 
95 
97 
50 
79 
96 
85 
76 
57 
89 
64 
83 
65 
44 
45 
53 
46 
69 
55 
37 
30 
31 
4 
29 
17 
7 
36 
42 
3 
34 
67 
11 
19 
39 
40 
25 
Att er 
drying: 
Before 
drying: 
Width, w Length , l Depth, d 
40 143 44 
41 143 44 
41 143 44 
42 142 42 
40 141 43 
41 141 44 
40 142 43 
41 143 44 
40 142 44 
41 142 43 
41 143 44 
41 143 43 
41 141 43 
40 142 43 
42 142 43 
41 140 43 
41 142 43 
41 143 43 
42 142 43 
40 143 44 
40 142 43 
41 138 43 
41 141 43 
41 140 43 
41 141 44 
41 143 44 
40 142 45 
41 142 44 
41 142 44 
41 140 43 
41 142 44 
40 140 43 
41 142 43 
40 143 44 
41 142 43 
40 142 43 
40 141 44 
40 142 44 
40 141 44 
40 142 43 
40 142 44 
39 141 44 
40 142 44 
Weight stadistic values 
W Average: 102.0360 
W Median: 127.7300 
W St. Dev. : 9.97849 
W Max.: 125.4200 
Weight stadistic values 
W Aver'!ge: 125.7551 
W Median: 127. 7300 
W St. Dev.: 10.9856 
W Max.: 156.6400 
Volume, mm Weight, g 
251680 111.29 
257972 122.77 
257972 122.74 
250488 133.85 
242520 113.87 
254364 122.1 
244240 118.84 
257972 115.49 
249920 128.87 
250346 127.73 
257972 129.21 
252109 114.72 
248583 128 .77 
244240 113.25 
256452 143.8 
246820 129.63 
250346 128 
252109 130.91 
256452 114. 99 
251680 127.83 
244240 123.48 
243294 112.9 
248583 129.98 
246820 129.08 
254364 145.96 
257972 113.29 
255600 139.06 
256168 147. 03 
256168 132.04 
246820 135.02 
256168 132.94 
240800 128.58 
250346 126.87 
251680 122.4 
250346 109.23 
244240 139.88 
248160 135.92 
249920 119.94 
248160 135.96 
244240 156.64 
249920 134.8 
241956 127. 75 
249920 133.22 
Density stadistic values 
D Average: 417. 95216 
D Median: 422 .99056 
D St. Dev.: 44. 91 16 
D Max.: 519.27082 
Density stadistic values 
D Average: 499.06810 
D Median: 503.04008 
D St. Dev.: 46.530486 
D Max.: 641.33639 
APPENDIX IV.i. 
d=m/v Sl . . 
Density, g/mm"3 Density, kg/m"3 
o. 000442188 442.188 
0.000475904 475 .904 
0.000475788 475.788 
0.000534357 534.357 
0.000469528 469 .528 
0.000480021 480.021 
0.000486571 486 .571 
0.000447684 447 .684 
o. 000515645 515.645 
0.000510214 510.214 
0.000500868 500.868 
o. 000455041 455.041 
0.000518016 518.016 
0.000463683 463.683 
0.000560729 560.729 
0.000525201 525.201 
0.000511292 511 .292 
0.00051926 519.260 
0.000448388 448.388 
0.000507907 507.907 
0.000505568 505.568 
0.000464048 464 .048 
0.000522884 522.884 
0.000522972 522.972 
0.000573823 573.823 
0.000439156 439.156 
0.000544053 544.053 
0.000573959 573.959 
o. 000515443 515.443 
0.000547038 547.038 
0.000518956 518.956 
0.00053397 533.970 
0.000506779 506.779 
0.000486332 486.332 
o. 000436316 436.316 
0.000572715 572.715 
0.0005477 11 547.711 
0.000479914 479.91 4 
0.000547872 547.872 
0.000641336 641 .336 
0.000539373 539.373 
0.000527989 527.989 
0.000533051 533.051 
2 
1 
2 
3 
4 
5 
6 
7 
8 
g 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
Tablesto find the Density 
Sample B - Volume and density of timber section 
All dimensions are in mm, uniess stated 
d=m/v S.l. 
Number Width, w Length, l Depth, d Volume, mm Weight, g Density, g/mm"3 Density, kg/m"3 
measured before drying. 
-24- -40"-~142- r--43- --24424'0- r"'"'T4T.98- -G.'ooo5aT313- --5aT.313-
32 40 142 44 249920 129.88 0.000519686 519.686 
26 40 141 43 242520 114.62 0.000472621 472.621 
35 40 142 44 249920 123.2 0.000492958 492.958 
g 40 142 44 249920 131 .93 0.000527889 527.889 
8 41 143 43 252109 138.3 0.000548572 548.572 
6 41 142 43 250346 112.09 0.00044774 447.740 
12 40 142 44 249920 119.07 0.000476432 476.432 
21 41 141 43 248583 131 .24 0.000527952 527.952 
15 40 143 44 251680 120.18 0.000477511 477.511 
23 40 142 43 244240 111.41 0.00045615 456.150 
27 40 142 43 244240 129.27 o. 00052927 4 529.274 
5 41 141 44 254364 129.95 o. 00051 0882 510.882 
1 39 141 43 236457 118.16 0.00049971 499.710 
16 40 139 43 239080 123.83 o. 000517944 517.944 
22 41 141 42 242802 135.56 o. 000558315 558.315 
48 40 142 44 249920 123.36 0.000493598 493.598 
33 39 141 44 241956 130.13 0.000537825 537.825 
81 40 142 44 249920 116.94 0.00046791 467.910 
58 40 143 44 251680 121.44 o. 000482517 482.517 
59 40 142 44 249920 121.24 0.000485115 485.115 
10 40 141 43 242520 123.23 0.000508123 508.123 
38 40 142 43 244240 112.67 0.000461309 461.309 
43 40 143 44 251680 126.7 0.000503417 503.417 
72 40 143 44 251680 135.86 0.000539812 539.812 
73 40 142 44 249920 122.06 0.000488396 488.396 
75 40 141 44 248160 130.8 0.000527079 527 .079 
82 40 142 44 249920 115.73 0.000463068 463.068 
13 40 140 43 240800 136.04 0.00056495 564.950 
41 40 142 44 249920 118.18 0.000472871 472.871 
47 40 141 43 242520 118.9 0.000490269 490.269 
54 40 142 44 249920 130.59 0.000522527 522.527 
60 39 142 44 243672 129.75 0.000532478 532.478 
56 40 141 44 248160 138.22 0.000556979 556.979 
63 40 142 43 244240 119.18 0.000487963 487.963 
68 40 142 44 249920 138.71 0.000555018 555.018 
80 40 139 43 239080 108.67 0.000454534 454.534 
70 40 141 44 248160 108.41 0.000436855 436 .855 
72 40 141 43 242520 127.64 0.000526307 526.307 
106 40 142 42 238560 134.23 0.000562668 562.668 
78 41 143 41 240383 133.04 0.00055345 553.450 
104 40 141 41 231240 119.44 0.00051652 516.520 
49 40 143 42 240240 117.48 0.000489011 489.011 
204 41 141 44 254364 150.09 0.00059006 590.060 
211 40 141 42 236880 129.71 0.000547577 547.577 
71 40 142 43 244240 153.18 0.00062717 627.170 
105 40 141 42 236880 120.78 0.000509878 509.878 
86 41 141 41 237021 114.34 0.000482405 482.405 
151 40 143 43 245960 113.02 0.000459506 459 .506 
66 40 141 43 242520 140.77 0.000580447 580.447 
88 41 140 42 241080 120.49 0.000499793 499.793 
74 41 140 44 252560 107.61 0.000426077 426.077 
99 40 141 43 242520 136.12 0.000561273 561.273 
108 41 141 42 242802 137.61 0.000566758 566.758 
113 40 142 44 249920 121.23 0.000485075 485.075 
APPENDIX IV.ii. 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
Tablesto find the Density 
Sample B - Volume and density of timber section 
All dimensions are in mm, uniess stated 
Number Width, w Length, l Depth, d Volume, mm 
114 40 142 43 244240 
176 40 142 42 238560 
180 41 143 42 246246 
207 41 142 43 250346 
100 41 141 42 242802 
117 40 142 43 244240 
157 40 142 44 249920 
202 41 141 42 242802 
206 41 141 42 242802 
152 41 140 41 235340 
87 40 140 42 235200 
118 41 141 43 248583 
199 41 141 43 248583 
161 40 141 43 242520 
169 39 141 44 241956 
183 40 142 44 249920 
196 41 142 43 250346 
156 41 141 43 248583 
90 41 141 43 248583 
158 41 141 43 248583 
190 41 140 43 246820 
136 41 142 43 250346 
191 40 140 43 240800 
185 40 141 43 242520 
184 40 140 42 235200 
178 39 143 43 239811 
177 40 142 43 244240 
170 40 142 43 244240 
164 40 139 43 239080 
131 41 140 43 246820 
130 40 141 43 242520 
128 40 141 43 242520 
126 40 143 44 251680 
122 40 140 43 240800 
132 40 139 42 233520 
133 40 139 42 233520 
135 41 138 43 243294 
139 40 138 42 231840 
145 41 139 44 250756 
146 40 138 42 231840 
172 41 140 42 241080 
179 40 139 43 239080 
181 40 139 43 239080 
188 40 139 42 233520 
192 41 139 43 245057 
Weight, g 
108.9 
110.18 
117.88 
116.38 
130.17 
117.32 
115.97 
108.99 
110.5 
125.75 
115.4 
133.1 
120.85 
116.2 
112.98 
108.26 
118.23 
111.41 
124.99 
109.78 
113.46 
110.95 
121.61 
123.62 
100.82 
110.92 
124.95 
111 .92 
113.64 
113.57 
105.04 
119.7 4 
146.88 
115.9 
122.05 
135.43 
107.44 
116.74 
128.05 
129.3 
109.82 
134.9 
122.16 
120.5 
115.03 
d=m/v 
Density, g/mm"3 
0.000445873 
0.000461854 
0.000478708 
0.000464877 
0.000536116 
0.000480347 
0.000464028 
0.000448884 
0.000455103 
0.000534333 
0.000490646 
0.000535435 
0.000486156 
0.000479136 
0.000466944 
0.000433179 
0.000472266 
0.00044818 
0.00050281 
o. 000441623 
0.000459687 
0.000443187 
0.000505025 
0.000509731 
0.000428656 
o. 000462531 
0.000511587 
0.000458238 
0.000475322 
0.000460133 
0.000433119 
0.000493732 
0.000583598 
0.000481312 
0.000522653 
0.00057995 
0.000441606 
0.000503537 
o. 00051 0656 
0.000557712 
0.000455533 
0.000564246 
o. 00051 0959 
0.000516016 
0.000469401 
Betare 
drying: 
Weight stadistic values l Density stadistic values 
W Average: 122.2194 D Average: 500.26168 
W Median: 120.6400 D Median: 493.27785 
W St. Dev.: 10.53280818 D St. Dev.: 43.14723334 
W Max.: 153.1800 D Max.: 627.17000 
APPENDIX IV.ii. 
S.l. 
Density, kg/m"3 
445.873 
461.854 
478 .708 
464 .877 
536.116 
480.347 
464.028 
448.884 
455.103 
534.333 
490.646 
535.435 
486.156 
479.136 
466.944 
433.179 
472.266 
448.180 
502.810 
441.623 
459.687 
443.187 
505.025 
509.731 
428 .656 
462.531 
511 .587 
458 .238 
475 .322 
460 .133 
433 .119 
493.732 
583.598 
481 .312 
522.653 
579.950 
441.606 
503.537 
510.656 
557.712 
455.533 
564.246 
510.959 
516.016 
469.401 
2 
APPENDIX V 
Tables of Maisture Content 

Tables of Moisture Content 
SAMPLE A: 
2~~~~~~~~+-~~-r~~~~+-~~-+--~~--+-~~~-+~~--~ 
3~~~~~~~~+-~~-r--------+------+--------+--------+--~~~ 
4~~~~~~~~+-~~-r~~~~+-~~-+--~~--+-~~~-+~~~~ 
5~~~~~~~~+-~~-r~~~~+-~~-+--~~--+---~~-+~----~ 
6~~---r----~--+------r----~--+------+--------r-~~---+~--~~ 7~~~~~~~~+-~~-r~~~~+-~~-+--~~--+-~~~-+~~--~ 
8~~~-r~~~~+-~~-r--------+------+--~~--r-~~~-+------~ 
9~~~~~~~~+-~~-r~~~~+-~~-+--~~--+-~~~-+~~--~ 
10~~~-r~~~~+-~~-r--------+------+--~----r---~---+~~~~ 11 ~~---r--------+------+--------~-----+--------+--------+------~ 
12~~~-r~~~~+-~~-+~~~~,_~~-+--~~--+---~~-+~~--~ 
13~~~-r~~~~+-~~-+--------,_-----+--------+--------+------~ 14 ~~---r--~~~+------+--------,_-----+--~----+-~--~-+------~ 15 ~-----r--------+------+--------~-----+--------+--------+------~ 
16~~~-r~~~~+-~~-+~~~~,_~~-+--~~--+-~~~-+~~--~ 
17~~~-r~~~~+-~~-+~~~~,_~~-+--------+--------+--~--~ 
18 ~~---r~~~~+---~-+--------,_-----+--~----+--------+----~-19 
~-----r--------+------+--------~-----+--------+--------+------~ 20~~~-r~~~~+-~~-+~~~~,_~~-+--------+--------+--~--~ 
21 ~~---r--~~--+------+ ________ ,_ ____ -+--~----+--------+-------
22~~~-r~~~~+-~~-+~~~~,_~~-+--~~--+-~~=--+~----~ 
23~~=--r~~~~+-~~-+--------,_-----+--~----+--------+----~-
24~~~-r~~~~+-~~-+~~~~,_~~-+--~~~+-~~~-+~~--~ 
25~~~-r~~~~+-~~-+~~~~,_~~-+--------+--------+------~ 
26~~~-r~~~~+-~~-+--------,_-----+--~----+-~~~-+------~ 
27~~=--r~~~~+-~~-+~~~~,_~~-+--~~--+-~~~-+~----~ 
28~~~-r~~~~+-~~-+~~~~,_~~-+--------+--------+--~--~ 
29~~~~~~~~+-~~-+--------+------+--~----+--------+------~ 30 ~~---r~--~--+------r--------+------+----~--+-~-----+------~ 31~~~~~~~~+-~~-r~~~~+-~~-+--~~--+---~~-+~----~ 
32~~~~~~~~+-~~-r~~~~+-~~-+--------+--------+--~--~ 
33~~~~~~~~+-~~-r--------+------+--------+--------+------~ 
34~~--~----~--+------+--------+------+--------+--------+------~ 
35~~~~~~~~+-~~-r~~~~+-~~-+--~~--+---~---+------~ 
36~~~~~~~~+-~~-r~~~~+---~-+--------+-----~-+------~ 
37~~~-r~~~--+------r--------+------+--------+-~--~-+------~ 38~~~~~~~~+-~~-r~~~~+-~~-+--~~--+--------+------~ 
39~~~~~~~~+-~~-+--------+------+--------+--------+----~~ 
40~~~~~~~~+-~~-+~~~~+-~~-+--~~--+-~~---+------~ 
41~~7-~~~~~+-~~-+~~~~+-~~-+--~~--+-~~~-+~~~~ 42~~~~~~~~+-~~-+~~~~+-~~-+--~~--+-~~~-+~~~~ 
43~~7-~~~~~+-~~-+~~~~+-~~-+--~~--+-~~~-+~~~~ 44~~~~~~~~+-~~-+~~~~+-~~-+--~~--+--7~~-+~~~~ 
45~~7-~~~~~+-~~-+~~~~+-~~-+--~~--+-~~~-+~~~~ 46~~~-r~~~~+-~~-+~~~~,_~~~--~~~+-~~~~~~~~ 47~~~-r~~~~+-~~-+~~~~,_~~-+--~~~+-~~~-+~~~~ 48~~~-r~~~~+-~~-+~~~~,_~~-+--~~~+-~~~~~~~~ 49~~--~--------~----~--------~----~--------~------~------~ 
APPENDIX V.i. 
Tables of Maisture Content 
50~~7--+~~~~-r~~~~~~~~--~~~~~~--r-~~~-+~~~_, 51 52~--~-+~~~~~~~~~~~~~--~~~~~~--r-~~=--+~~~~ 
53~~~-+~~~~-r~~~~~~~~--~~~~~~--r-~~~-+~~77-i 54~~~~~~~~+-~~-r~~~~+-~~-+--~~--~~~~-+~~~~ 55~~~-+~~~~-r~~~~~~~~--~~~~~~--r-~~~-+~~~_, 56~~~-+~~~~-r~~~~~~~~--~~~~~~--r-~~~-+~~~_, 57~~7--+~~~~-r~~~~~~~~--~~~~~~--r-~~~-+~~~_, 58~--~~----~~+------+~~~~+-~---+--~~--r-~~~-+~~~~ 59~~7--+~~~~-r~~~~~~~~--~~~~~~--r-~~~-+~~~-i 60~--~-+~--~~~~~--~~~~~--~~~~~~--r---~---+~~~_, 61~~~-+~~~~-r~~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 62~~---+--------+------+~~~--~-=~-+--~~--+-~~=--+~~~~ 63~~~-+~~~~-r--~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 64~~---+--------+------+~~~--~-=~-+--~~--+-~~=--+~~~~ 65~~~-+~~~~-r--~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 66 67~-=~-+~~~~-r~~~~~~~~r-~~-r--~~--r-~~~-;~~~_, 
68 69~-=~-+~~~~-r~~~~~~~~r-~~-r~~~--r-~~~-;~~~_, 
70~~~-+~~~~-r~~~~~~~~r-~~-r~~~--r-~~~-;~~~_, 71~~~-+~~~~-r--~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 72~~~-+~~~~-r~~~~~~~~r-~~-r--~~--r---~~-;~~~_, 73~~~-+~~~~-r--~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 74~~~-+~~~~-r~~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 75~~~-+~~~~-r~~~~~~~~r-~~-r--~~--r-~~~-;~~~_, 76~~~-+~~~~-r--~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 
77~~---+~~~~-r~~~~~~~~r-~~-r--~~--r-~~~-;~~~_, 78~~---+~~~~-r--~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 79~--~-+~~~~-r~~~~~~~~r-~~-r--~~--r-~~~-;~~~_, 80~--~-+~~~~-r--~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 
81~~~-+~~~~-r~~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 82~--~-+~~~~-r--~~~~~~~r-~~-r--~~--+-~~~-;~~~_, 83~~~-+~~~~-r~~~~~~~~--~~-r~~~--r-~~~-;~~~_, 84~~~-+~~~~~~~~~~~~~--~~-r--~~--+-~~~-;~~~_, 85~~~-+~~~~-r~~~~~~~~--~~-r~~~--r-~~~-;~~~_, 86~~~~~~~~+-~~-+~~~~+-~~-+--~~--+--T.~~-+~~~~ 87~~---+~~~~~~~~~~~~~--~~-r~~~--+---~~-;~~~_, 88~-7~-+~~~~-r~~~~~~~~--~~-r~~~--r-~~~-;~~~_, 89~-=~-+~~~~~~~~~~~~~--~~-r--~~--+-~~~-;~~~_, 90~~---+~~~~-r~~~~~~~~--~~-r~~~--r-~~~-;~~~_, 91~~~4-~~~~~~7-~~~~~~~~r-~~--,_-7~~-+~~~~ 92~~~-+~~~~~~~~~~~~~--~~-r~~~--+-~~~-;~~~_, 93~~~~~~~~+-~~-+~~~~+-~~-+--~~--+-~~~-+~~~~ 94~~~-+~~~~~~~~~~~~~--~~-r--~~--+-~~~-;~~~_, 95~~~-+~~~~-r~~~~~~~~--~~-r~~~--r-~~~-;~~~_, 96~~---+~~~~~~~~~~~~~--~~-r--~~--+-~~~-;~~~_, 97~~~-+~~~~-r~~~~~~~~--~~-r~~~--r-~~~-;~~~_, 98~~~-+~~~~~~~~~~~~~--~~-r--~~--+-~~~-;~~~_, 99 100~~~-+~~~~-r~~~~~~~~--~~-r~~~--r-~~~-;~~~_, 
MC stadistic values 
MC Avera_g_e: 0.1304 
MC Median: 0.1309 
MC St. Dev.: 0.019674 
MC Max.: 0.1765 
APPENDIX V.i. 2 
Tables of Maisture Content 
SAMPLE B: 
APPENDIX V.ii . 
Tables of Maisture Content 
SAMPLE B: 
54~~=-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
55~~=-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 56 57~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
58~~=-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
59~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
60~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~ 61 62r-~=--r~~~~~~7-~~~~~~~~~~~~~~~~~~~ 
63r-~~-r~~~~~~~~~~~~~~~~~~~~~~~~~~ 64 65r-~7--r~~~~~~7-~~~~~~~~r-~~--~~~~~~~ 
66r-~~-r~~~~~~~~~~~~~~~r-~~--~~~~~~~ 
67r-~7--r~~~~~~~~~~~~~~~r-~~--~~~~~~~ 
68 69r-~~-r~~~~~~~~~~~~~~~r-~~~~~~~~~~ 
70 71r-~7--r~~~7+~~~~~~~~~~~r-~~~~~~~~~~ 
72r-~~-r~~~~~~~~~~~~~~~r-~~~~~~~~~~ 
73r-~~~~~~~~~~~~~~~~~~r-~~~r-~~~~~~ 
74r-~~~~~~7+~~~~~~~~~~~r-~~~r-~~~~~~ 
75 6~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
??~~=-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
78~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
79 80r-~~-r~~~~~~7-~~~~~~~~~~~~~~~-+~~~ 
81~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
82~~~-r~~~~~~~~~~~~~~~~~~~~~~~~~~ 
83~~=--+~~~~~~7-~~~~~~~~+-~~~+-~~-+~~~ 
84r-~~-+~~~~~~7-~~~~~~~~+-~~~+-~~-+~~~ 85 86r-~7--+~~~~~~7-~~~~~~~~+-~~~+-~~-+~~~ 
87~~=-~~~=-~~~=-~~~~~~~~+-~~~+-~~-+~~~ 
88~~=-~~~=-~~~~~~~~~~~~~~~~+-~~-+~~~ 
89~~=--+~~~~~~~~~~~~~~~+-~~--+-~~-+~~~ 
90~~~-+~~~~~~~~~~~~~~~+-~~~+-~~-+~~~ 
91r-~~-+~~~~~~7-~~~~~~~~+-~~~+-~~-+~~~ 92~~=-~~~=-~~~=-~~~~~~~~+-~~~+-~~-+~~~ 
93~~=-~~~=-~~~~~~~~~~~~+-~~~+-~~-+~~~ 
94~~~~~~~~~~~~~~~~~~~+-~~~+-~~-+~~~ 
95~~~-+~~~~~~7-~~~~~~~~+-~~~+-~~-+~~~ 96~~=-~~~=-~~~~~~~~~~~~~~~~+-~~-+~~~ 
97~~=-~~~~~~~~~~~~~~~~+-~~--+-~~-+~~~ 
98~~~~~~~~~~7-~~~~~~~~+-~~~+-~~-+~~~ 99 100r-~7--r~~~~~~7-~~~~~~~~+-~~~+-~~-+~~~ 
MC stadistic values 
MC Average: 0.1246 
MC Median: 0.1276 
MC St. Dev.: 0.015978 
MC Max.: 0.1631 
APPENDIX V.ii. 2 
APPENDIX VI 
Tables of all the data 
(MC, MOE, f, f(l2°/o), ... ) 

Sample A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
·' 
T.B. Number 
3 
4 
7 
11 
17 
19 
25 
29 
30 
34 
36 
37 
39 
40 
42 
44 
45 
46 
50 
51 
53 
55 
57 
64 
65 
67 
69 
76 
79 
4 meter spans 
Load at Failure 
[ kN] P 
21 .1 997 
21.1816 
19.2624 
12.5429 
13.0669 
16.1703 
13.5978 
17.4861 
15.2992 
12.8923 
13.4253 
15.3786 
12.4703 
15.6735 
11.3133 
6 .76258 
11 .919 
8.63188 
14.4802 
12.13 
9.61189 
9.99528 
13.6046 
10.4921 
10.5692 
10.5216 
19.0242 
11.724 
11.2067 
Load at Failure 
[ kN] P/2 
10.59985 
10.5908 
9.6312 
6.27145 
6.53345 
8.08515 
6.7989 
8.74305 
7.6496 
6.44615 
6.71265 
7.6893 
6.23515 
7.83675 
5.65665 
3.38129 
5.9595 
4.31594 
7.2401 
6 .065 
4.805945 
4.99764 
6.8023 
5.24605 
5.2846 
5.2608 
9.5121 
5.862 
5.60335 
Tables with all the data 
f= P*d*3/(b*h*h) f(12%) = (f*34)/(46-MC) 
b [mm] h [mm] f [MPa] MOE [ MPa] MC f(12%) [MPa] 
40 142 78.8523 17974 0.1257 80.1978 
41 140 79.0752 14549 0.1067 76.1030 
41 142 69.8990 15365 0.1168 69.2500 
40 141 47.3174 12232 0.1363 49.7023 
40 140 50.0009 14985 0.1050 47.8907 
40 142 60.1454 16826 0.1429 64.4802 
40 142 50.5770 14016 0.1432 54.2852 
41 142 63.4532 17393 0.1520 70.0442 
41 142 55.5174 17415 0.1374 58.5095 
40 141 48.6355 13369 0.1151 47.9451 
40 143 49.2394 12372 0.1 395 52.2276 
40 142 57.2007 17748 0.1445 61.6478 
40 142 46.3833 14435 0.1264 47.2775 
39 141 60.6435 15075 0.1243 61.4135 
41 142 41 .0535 10116 0.1219 41 .2865 
40 142 25.1534 10143 0.1326 26.1 243 
41 138 45.7951 12322 0.1 068 44.0779 
41 140 32.2245 10964 0.11 20 31.4830 
41 143 51 .8131 13002 0.1516 57.1229 
41 143 43.4036 11026 0.1381 45.8380 
41 141 35.3759 11438 0.1072 34.0881 
41 143 35.7652 12930 0.1190 35.6628 
41 140 50.7887 16000 0.1027 48.3257 
41 143 37.5429 11544 0.1 500 41.1825 
40 143 38.7642 11790 0.1387 41 .0198 
40 142 39.1351 15137 0.1094 37.9547 
41 141 70.0173 16297 0.1219 70.4121 
42 142 41.5309 15579 0.1203 41 .5659 
41 143 40.0999 10048 0.1324 41.6134 
APPENDIX VLL 
Sample A 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
T.B. Numt:>er 
83 
84 
85 
89 
91 
92 
93 
94 
95 
96 
97 
98 
101 
102 
103 
107 
109 
110 
111 
11 5 
11 6 
119 
120 
121 
123 
124 
125 
4 meter spans 
Load at Failure 
[ kN] P 
12.096 
12.2275 
10.8778 
11.4517 
15.4126 
12.4385 
4.553 
11.8238 
13.0669 
20.8527 
10.7598 
9.97488 
13.5138 
13.8609 
10.1019 
15.0973 
10.6192 
16.8781 
12.257 
14.3259 
11.4041 
11.1931 
16.2202 
9.25122 
9.71398 
7.08926 
9.90906 
Load at Failure b [mm] [ kN] P/2 
6.048 42 
6.11375 42 
5.4389 40 
5.72585 41 
7.7063 39 
6.21925 41 
2.2765 41 
5.9119 40 
6.53345 40 
10.42635 41 
5.3799 41 
4.98744 41 
6.7569 41 
6.93045 40 
5.05095 40 
7.54865 42 
5.3096 41 
8.43905 40 
6.1285 41 
7.16295 41 
5.70205 40 
5.59655 44 
8.1101 42 
4.62561 43 
4.85699 41 
3.54463 41 
4.95453 41 
Tables with all the data 
f= P*d*3/(b*h*h) f(12%) = (f*34)/(46-MC) 
- - -
-
h [mm] f [MPa] MOE [ MPa] MC f(12%) [MPa] 
142 42.8486 14530 0.1 079 41 .3773 
142 43.3145 13182 0.1068 41.7003 
142 40.4600 15632 0.1 076 39.0340 
142 41.5557 12599 0.11 86 41 .3838 
143 57.9776 16051 0.1095 56.2365 
144 43.8915 9895 0.1136 43.0800 
143 16.2916 12263 0.0885 14.9099 
141 44.6046 13682 0.1042 42.6296 
142 48.6023 14615 0.1152 47.9227 
141 76.7470 16380 0.0992 72.3204 
142 39.0450 14208 0.1138 38.3451 
142 36.1967 11328 0.0934 33.5696 
141 49.7367 14891 0.1276 50.8788 
142 51.5556 13796 0.1318 53.4108 
144 36.5375 9965 0.1 364 38.3905 
144 52.0051 14084 0.1 380 54.9093 
143 37.9977 12038 0.1 320 39.3862 
144 61.0464 17494 0.1451 65.9100 
144 43.2510 13161 0.1321 44.8495 
144 50.5515 11203 0.1275 51 .6951 
143 41 .8264 11287 0.1021 39.7344 
143 37.3205 9614 0.1507 41 .0276 
143 56.6573 13324 0.1655 65.4021 
143 31 .5631 18562 0.1618 35.9881 
144 34.2775 10661 0.1233 34.6136 
143 25.3668 10648 0.1355 26.5783 
143 35.4567 11856 0.1213 35.5951 
-
APPENDIX Vl.i . 2 
Sample A 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
T.B. Number 
127 
129 
134 
137 
138 
140 
141 
142 
143 
144 
147 
148 
149 
150 
153 
154 
155 
159 
160 
163 
165 
166 
167 
168 
171 
173 
174 
175 
182 
4 meter spans 
Load at Failure 
[ kN] P 
11 .3247 
13.2938 
9.01526 
14.9861 
5.9822 
17.2479 
15.0361 
8.74984 
7.24805 
14.0015 
15.7212 
12.5202 
14.0152 
7.46811 
5.47405 
11 .1636 
8.4776 
12.0574 
9.92723 
7.6995 
10.8596 
5.63058 
9.94309 
8.45491 
16.5265 
11.463 
9.53931 
8.40957 
12.7652 
Load at Failure b [mm] [ kN] P/2 
5.66235 43 
6.6469 43 
4.50763 44 
7.49305 43 
2.9911 43 
8.62395 44 
7.51805 44 
4.37492 44 
3.624025 44 
7.00075 44 
7.8606 44 
6.2601 44 
7.0076 44 
3.734055 44 
2.737025 45 
5.5818 44 
4.2388 44 
6.0287 44 
4.963615 44 
3.84975 44 
5.4298 44 
2.81529 44 
4.971545 44 
4.227455 44 
8.26325 44 
5.7315 45 
4.769655 44 
4.204785 44 
6.3826 44 
Tables with all the data 
f= P*d*3/(b*h*h) f(12%) = (f*34)/(46-MC) 
h [mm] f [MPa] MOE [ MPa] MC f(12%) [MPa] 
143 38.6374 9885 0.1 661 44.7000 
143 45.3555 13537 0.1025 43.1402 
143 30.0590 9076 0.1629 34.4038 
143 51 .1292 13829 0.1022 48.5893 
142 20.6984 8550 0.1189 20.6337 
142 58.3214 13230 0.1513 64.2413 
141 51 .5663 14170 0.1555 57.5874 
141 30.0075 11232 0.1092 29.0870 
143 24.1667 9290 0.1184 24.0557 
142 47.3442 11936 0.1496 51 .8668 
142 53.1591 13884 0.1399 56.4676 
143 41 .7453 11678 0.1424 44.6884 
142 47.3905 14868 0.1443 51 .0454 
144 24.5558 10243 0.1 355 25.7281 
143 17.8462 8388 0.1076 17.2204 
142 37.7482 12201 0.1234 38.1325 
143 28.2663 10997 0.1195 28.2209 
144 39.6458 13844 0.1232 40.0277 
142 33.5676 10775 0.1215 33.7159 
143 25.6720 16191 0.1246 26.0238 
142 36.7203 9408 0.1309 37.9385 
143 18.7737 6259 0.1 308 19.3914 
144 32.6938 12857 0.1158 32.2907 
141 28.9961 9474 0.1 168 28.7234 
143 55.1033 15228 0.1250 55.9310 
' 
144 36.8538 10487 0.1 640 42.3282 
143 31.8063 14245 0.1542 35.3674 
143 28.0395 9521 0.1459 30.3470 
142 43.1638 7914 0.1 628 49.3791 
APPENDIX Vl.i . 3 
Sample A 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
T.B. Number 
186 
187 
189 
193 
194 
195 
197 
198 
200 
201 
203 
205 
208 
209 
210 
4 meter spans 
Load at Failure Load at Failure b [mm] [ kN] P [ kN ] P/2 
14.6595 7.32975 44 
13.9131 6.95655 44 
11 .0093 5.50465 44 
12.3546 6.1773 44 
13.9063 6.95315 44 
11 .4925 5.74625 44 
11 .209 5.6045 44 
7.50893 3.754465 44 
13.9585 6.97925 44 
15.7824 7.8912 44 
17.9058 8.9529 44 
12.7652 6.3826 44 
15.0315 7.51575 44 
6.75804 3.37902 43 
18.3686 9.1843 44 
stadistic results of strain f [MPa] 
Max. strain: 79.0752 l 
Average: 43.4514 l 
Median: 43.0062 l 
Std. deviation: 12.9080 
Tables with all the data 
f= P*d*3/(b*h*h) f(12%) = (f*34)/(46-MC) 
h [mm] f [MPa] MOE [ MPa ] MC f(12%) [MPa] 
-
143 48.8783 11232 0.1385 51.6951 
143 46.3896 13712 0.1765 55.6423 
143 36.7076 8570 0.1462 39.7787 
143 41 .1932 11576 0.1344 43.0163 
142 47.0223 14770 0.1559 52.5781 
143 38.3187 12405 0.1608 43.5457 
143 37.3735 9741 0.1760 44.7352 
143 25.0366 10063 0.1595 28.3288 
142 47.1988 16108 0.1001 44.5878 
142 53.3660 12775 0.1380 56.3482 
141 61.4079 17437 0.1478 66.8837 
141 43.7782 11905 0.1534 48.5480 
143 50.1186 13213 0.1122 49.0016 
137 25.1207 7301 0.1391 26.6185 
142 62.1109 13457 0.1365 65.2705 l 
stadistic results of strain f (12%) [MPa] 
Max. strain: 80.1978 
Average: 44.9746 
Median: 43.3430 
Std. deviation: 13.4469 
APPENDIX Vl. i. 4 
Sample B 
T.B. Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
81 
72 
139 
104 
206 
162 
156 
132 
74 
135 
164 
70 
183 
170 
58 
207 
54 
179 
202 
130 
180 
136 
6 
56 
184 
158 
190 
151 
27 
114 
10 
2 meter spans 
Load at Load at Failure 
Failure [ kN] P [ kN] P/2 
12.5021 6.25105 
25.215 12.6075 
26.1474 13.0737 
12.4998 6.2499 
25.1 923 12.59615 
15.5533 7.77665 
15.0337 7.51685 
16.7102 8.3551 
31 .7395 15.86975 
20.5328 10.2664 
27.1 411 13.57055 
22.926 11.463 
14.217 7.1085 
28.0077 14.00385 
24.1942 12.0971 
17.1594 8.5797 
21.6104 10.8052 
20.1675 10.08375 
25.0267 12.51335 
13.8881 6.94405 
15.4104 7.7052 
19.9021 9.95105 
20.6847 10.34235 
19.9474 9.9737 
25.265 12.6325 
18.6158 9.3079 
27.2227 13.61135 
20.2855 10.14275 
22.6606 11.3303 
29.5095 14.75475 
29.0262 14.5131 
Tables with all the data 
f= P*d*3/(b*h*h) f(12%) = (f*34)/(46-MC) 
h [mm] b[mm] f [MPa] MOE [MPa] MC f(12%) [MPa] 
142 44 21 .1371 6226 0.1243 21.4088 
143 44 42.0364 6311 0.1327 43.6719 
138 42 49.0357 7575 0.1 282 50.2551 
141 41 23.0024 7988 0.1190 22.9336 
141 42 45.2555 8484 0.1 233 45.7004 
142 43 26.9072 8560 0.1212 27.0025 
141 43 26.3785 8729 0.1055 25.3022 
139 42 30.8883 9194 0.1369 32.5075 
140 44 55.2055 9345 0.0977 51 .8112 
138 43 37.6108 9416 0.1 358 39.4498 
139 43 49.0028 9498 0.1283 50.2254 
141 44 39.3123 9533 0.1 034 37.4833 
142 44 24.0364 9690 0.1631 27.5244 
142 43 48.4533 9883 0.1357 50.7939 
143 44 40.3346 9887 0.1361 42.3423 
142 43 29.6858 9953 0.1106 28.8873 
142 44 36.5363 9991 0.1 394 38.7507 
139 43 36.4121 10050 0.1285 37.3449 
141 42 44.9580 10084 0.1197 44.9162 
141 43 24.3684 10117 0.1351 25.4991 
143 42 26.9143 10210 0.1398 28.5803 
142 43 34.4306 10326 0.1296 35.4318 
142 43 35.7845 10606 0.1050 34.2714 
141 44 34.2048 10652 0.1 309 35.3389 
140 42 46.0368 10705 0.1 422 49.2492 
141 43 32.6638 10799 0.1103 31.7620 
140 43 48.4505 10973 0.1276 49.5596 
143 43 34.6048 11016 0.1092 33.5428 
142 43 39.2028 11127 0.1348 40.9924 
142 43 51 .0514 11285 0.1277 52.2308 
141 43 50.9301 11306 0.1 037 48.6033 
APPENDIX Vl.ii. 
Sample B 
T.B. Number 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
157 
86 
192 
11 3 
176 
117 
82 
172 
38 
199 
90 
47 
161 
118 
87 
12 
41 
49 
23 
73 
211 
75 
21 
181 
59 
177 
152 
169 
122 
15 
2 meter spans 
Load at 
Failure [ kN] P 
29.8678 
31.998 
21 .692 
31 .3946 
22.5949 
26.011 3 
32.4404 
29.0603 
27.3021 
18.0442 
27.4156 
27.749 
30.6664 
30.7843 
28.8129 
32.0253 
34. 1782 
28.6089 
27.0662 
24.7295 
27.3157 
28.72 
32.2022 
21.1816 
37.8192 
19.6344 
32.0843 
26.1972 
29.1873 
22.4338 
Load at Failure 
[ kN] P/2 
14.9339 
15.999 
10.846 
15.6973 
11.29745 
13.00565 
16.2202 
14.53015 
13.65105 
9.0221 
13.7078 
13.8745 
15.3332 
15.39215 
14.40645 
16.01265 
17.0891 
14.30445 
13.5331 
12.36475 
13.65785 
14.36 
16.1011 
10.5908 
18.9096 
9.8172 
16.04215 
13.0986 
14.59365 
11.2169 
Tables with all the data 
f= P*d*3/(b*h*h) f(12%) = (f*34)/(46-MC) 
h [mm] b [mm] f [MPa] MOE[ MPa] MC f(12%) [MPa] 
142 44 50.4969 11433 0.1097 49.0058 
141 41 58.8833 11511 0.1142 57.8969 
139 43 39.1 645 11576 0.1 094 37.9766 
142 44 53.0783 11664 0.1 083 51 .3181 
142 42 40.0199 11696 0.1571 44.9231 
142 43 44.9996 11792 0.1140 44.2249 
142 44 54.8464 11888 0.1287 56.2939 
140 42 52.9524 11923 0.1 301 54.5683 
142 43 47.2326 11959 0.0954 44.0425 
141 43 31 .6608 12143 0.1114 30.8768 
141 43 48.1041 12226 0.1144 47.3233 
141 43 48.6891 12251 0.0966 45.5489 
141 43 53.8081 12290 0.1 282 55.1304 
141 43 54.0149 12327 0.1389 57.1893 
140 42 52.5016 12376 0.11 63 51.9319 
142 44 54.1446 12508 0.1297 55.7341 
142 44 57.7845 12739 0. 1187 57.5652 
143 42 49.9656 12797 0.1 232 50.4468 
142 43 46.8245 12917 0.1428 50.1877 
142 44 41 .8097 12967 0.0976 39.2215 
141 42 49.0700 12985 0.1299 50.5383 
141 44 49.2476 13015 0.1 238 49.8054 
141 43 56.5028 13162 0.1400 60.0395 
139 43 38.2430 13189 0.1419 40.8753 
142 44 63.9402 13213 0.1 283 65.5478 
142 43 33.9675 13288 0.1 493 37 .1 687 
140 41 59.8886 13361 0.1 258 60.9249 
141 44 44.9216 13431 0.1434 48.2428 
140 43 51 .9470 13509 0.1 007 49.1518 
143- - 44 37.3998 13627 0.1417 39.955L_ 
APPENDIX Vl.i i. 2 
Sample B 
T.B. Number 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
188 
131 
35 
128 
77 
48 
63 
68 
22 
71 
1 
178 
16 
60 
80 
33 
26 
191 
106 
185 
145 
9 
32 
146 
43 
99 
133 
8 
2 meter spans 
Load at Load at Failure 
Failure [ kN] P [ kN] P/2 
32.9577 16.47885 
31.1246 15.5623 
31.4763 15.73815 
34.3415 17.17075 
20.5328 10.2664 
23.9424 11 .9712 
31 .3153 15.65765 
31.3719 15.68595 
30.4033 15.20165 
38.7585 19.37925 
12.7766 6.3883 
32.0321 16.01605 
34.5117 17.25585 
33.3184 16.6592 
18.913 9.4565 
34.8882 17.4441 
30.9047 15.45235 
32.386 16.193 
30.6278 15.3139 
29.8566 14.9283 
29.3098 14.6549 
29.5548 14.7774 
31.8121 15.90605 
29.8724 14.9362 
29.7998 14.8999 
31 .7849 15.89245 
30.1 572 15.0786 
29.1987 14.59935 
Tables with all the data 
f= P*d*3/(b*h*h) f(12%) = (f*34)/(46-MC) 
h [mm] b [mm] f [MPa] MOE [MPa] MC f(12%) [MPa] 
139 42 60.9213 13702 0.1334 63.4152 
140 43 55.3950 13750 0.1408 59.0109 
142 44 53.2164 13799 0.1297 54.7715 
141 43 60.2565 13839 0.1510 66.3047 
141 43 36.0274 13883 0.1055 34.5529 
142 44 40.4790 13942 0.1169 40.1115 
142 43 54.1755 14075 0.0952 50.4929 
142 44 53.0399 14169 0.1272 54.1 831 
141 42 54.6166 14191 0.1128 53.4823 
142 43 67.0522 14225 0.1328 69.6797 
141 43 22.4182 14402 0.11 97 22.3972 
143 43 54.6432 14446 0.1040 52.1890 
139 43 62.3103 14535 0.1200 62.3149 
142 44 56.3308 14614 0.1 280 57.6824 
139 43 34.1471 14689 0.0869 31 .1191 
141 44 59.8245 14739 0.1275 61 .1822 
141 43 54.2262 14761 0.1 100 52.6789 
140 43 57.6400 14768 0.1581 64.9100 
142 42 54.2477 14773 0.1292 55.7487 
141 43 52.3872 14873 0.1 536 58.1324 
139 44 51 .7156 14904 0.1321 53.6214 
142 44 49.9678 15069 0.1 356 52.3651 
142 44 53.7841 15135 0.1388 56.9319 
138 42 56.0214 15165 0.1304 57.7965 
143 44 49.6798 15238 0.1238 50.2450 
141 43 55.7706 15511 0.1051 53.4351 
139 42 55.7447 15601 0.1380 58.8556 
143 43 49.8097 15840 0.1285 51 .0898 
APPENDIX Vl. ii. 3 
Sample B 
T.B. Number 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
100 
204 
88 
78 
13 
196 
14 
126 
108 
24 
66 
2 meter spans 
Load at Load at Failure 
Failure [ kN ] P [ kN] P/2 
29.8543 14.92715 
29.2123 14.60615 
30.5983 15.29915 
35.3873 17.69365 
35.2807 17.64035 
32.9282 16.4641 
36.6373 18.31865 
36.3061 18.15305 
36.4013 18.20065 
29.9882 14.9941 
34.8338 17.4169 
stadistic results of strain f [MPa] 
Max. strain : 67.0522 
Average: 47.4164 
Median: 49.9667 
Std. deviation: 11.1051 
T ab les with all the data 
f= P*d*3/(b*h*h) f(12%) = (f*34)/(46-MC) 
h [mm] b[mm] f [MPa] MOE [MPa] MC f(12%) [MPa] 
141 42 53.6304 16042 0.1196 53.5745 
141 44 50.0917 16053 0.1378 52.8626 
140 42 55.7549 16157 0.0972 52.2451 
143 41 63.3115 16288 0.0993 59.6819 
140 43 62.7919 16334 0.0953 58.5441 
142 43 56.9658 16404 0.1254 57.8777 
142 43 63.3825 16966 0.1342 66.1451 
143 44 60.5266 17490 0.1459 65.5151 
141 42 65.3914 17598 0.1299 67.3517 l 
142 43 51.8796 17852 0.1499 56.8846 l 
141 43 61.1203 18033 0.1260 62.2145 
stadistic results of strain f (12%) [MPa] 
Max. strain: 69.6797 
Average: 48.1863 
Median: 50.4699 
Std. deviation: 11 .5333 
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